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FOREWORD 


“This  fins!  report  was  prepared  by  members  of  the  technical  staff  of 
Failco--?ordy Corporation ,  3900  Welsh  Road,  Willow  Grove,  Pa  19090  under 
Contract  F30602-69-C-0116 ,  Project  701.8,  Task  70U801.  Mr.  R.  R.  Reaser 
served  as  Project  Manager  and  Mr.  D.  Elsas  served  as  Technical  Manager 
for  the  program.  Major  technical  contributors  were  as  follows:  Messrs. 

R.  Dunbar,  J.  Eyrich,  J.  Fisher,  F.  C-reim,  V.  Huber,  E.  Lounsberry,  J. 
Malcceason ,  M.  Marhefka,  G.  Hickett,  H.  Okamoto,  N,  Sher  and  A.  Shultz, 
numerous  ether  individuals  offered  valuable  advice,  comments  and  criticisms. 
The  Rose  Air  Development  Center  project  engineers  were  Messrs.  John  D. 

Kelly,  Janes  L.  Davis  and  Anthony  S.  Szalkovski  (EMCAS). 


This  technical  report  is  based  upon  the  results  of  the  study  and 
investigation  performed  under  Exhibit  Line  Item  A0C1.  The  study  and 
investigation  effort  was  accomplished  during  the  period  of  18  February 
1969  to  18  December  1969. 


The  distribution  of  this  report  is  restricted  under  the  U.  S.  Mutual 
Security  Acts  of  19^9. 

This  technical  report  has  been  reviewed  and  is  approved. 


Approved: 

WAKES  L.  DAVIS 
Project  Engineer 

Approved:  {^EPH  L.  RYEPJSGH^  Assistant  Chief 

.oernini cation  and  Navigation  Division 
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ABSTRACT 


This  report  describes  a  study  performed  to  determine  cost-effective  and 
technically  effective  means  and  methods  of  automating  the  functions  of  DCS 
technical  control  facilities.  In  determining  the  degree  ot  automation  that  could  be 
applied  to  the  various  functions,  the  DCS  environment,  telecommunications  systems 
and  equipment,  and  technical  control  operating  activities  were  considered.  The 
requirements  for  Automated  Tech  Control  (ATF.C)  facilities  and  an  ATEC  augmented 
DCS  were  also  determined. 

As  a  result  of  this  study,  it  was  concluded  that  circuit  status  monitoring  provides 
the  most  benefit  in  fault  detection  and  localization.  Automation  of  this  and  other 
ATEC  functions  is  recommended  through  use  of  a  processor,  which  would  also  provide 
controlled  data  storage  and  display  irformation  to  manned  consoles.  Ii  addition, 
the  processor  would  correlate  status  monitoring  information  from  equipment,  links, 
and  circuits  to  provide  performance  assessment  and  trend  analysis.  Other  recom¬ 
mended  functions  to  be  automated  include:  report  generation;  remote  site  status 
monitoring;  and  group  patch,  circuit  patch  and  digital  patch  switching.  The  cost 
of  switch  matrices  precludes  implementation  of  all  circuits,  and  switching  is  there¬ 
fore  recommended  only  on  a  limited  basis ,  such  as  for  high  priority  digital  and  audio 
circuits  and  selected  carrier  multiplex  groups. 

The  recommended  ATEC  configuration  provides  for  Status  Monitoring,  Quality 
Control  and  Central  Control  consoles  to  be  operated  by  tech  control  personnel.  Patch 
bays  with  sealed  normal-through  contacts  are  recommended  with  connection  capa¬ 
bility  to  test  and  monitor  buses  which  will  be  accessed  by  the  console  operators.  An 
integrated  orderwire  and  intercom  capability  is  recommended  for  coordination  and 
control  between  elements  of  the  ATEC  facility;  with  other  ATEC  and  manual  technical 
control  facilities;  and  with  subordinate  patch  and  test  facilities,  users  and  communica¬ 
tions  suppliers. 
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a  preliminary  systems  design  approach,  in  consideration  of  AFCS  Report  5-ORR-67, 
for  integration  and  evaluation  of  concepts  and  techniques  to  be  developed  by  the 
various  task  groups.  This  initial  design  approach  was  periodically  changed  and 
updated  as  inputs  were  received  from  the  various  task  groups. 

The  other  individual  task  group  efforts  essentially  began  at  these  starting  points, 
established  by  the  Systems  Design  and  Development  group.  The  individual  groups 
investigated  their  respective  areas  intensively,  beginning  with  a  more  finite  deter¬ 
mination  of  task  requirements,  a  review  of  ATEC  objectives,  and  the  establishment 
of  necessary  background.  Candidate  techniques  and  approaches  were  developed  for 
consideration.  These  were  evaluated  and  selected  approaches  were  justified. 

Sources  of  required  data  were  optimized  with  respect  to  quantity  and  value. 

The  resulting  most  technical  and  cost-effective  approaches  were  provided  to  the 
Systems  Design  and  Development  task  group  for  integration  and  coordination  with 
other  tasks.  The  efforts  and  results  of  the  various  individual  study  task  groups 
are  documented  in  the  appropriate  sections  (Section  VII  through  XXI)  which  comprise 
Volume  E  of  this  report,  as  referenced  in  Table  I. 

The  System  Design  and  Development  task  group  assimilated  all  of  the  inputs  from 
the  various  other  task  groups.  This  was  a  continuous  process  from  the  commence¬ 
ment  of  individual  task  efforts  until  completion  of  these  efforts  and  final  generation 
of  the  individual  task  reports  mentioned  above.  Based  upon  the  results  and  recom¬ 
mendations  obtained  from  these  tasks,  the  optimum  system  approach  was  developed. 
The  system  requirements  were  investigated  from  functional,  operational  and  hard¬ 
ware  (and  software)  aspects.  These  efforts  are  documented  in  Sections  HI  and  IV 
of  this  report.  Considerable  attention  was  also  given  to  the  cost-effectiveness 
aspects  of  ATEC  as  documented  in  Section  V.  The  conclusions  and  recommendations 
resulting  from  the  total  system  design  and  development  study  efforts  are  provided 
in  Section  VI.  Section  n  provides  a  comprehensive  summary  of  the  total  study  efforts 
and  results  achieved  therein.  Sections  I  through  VI  of  this  report  comprise  Volume  I. 

Although  the  efforts  and  achievements  of  the  individual  task  groups  were  continually 
reviewed  and  coordinated  by  the  systems  group,  the  conclusions  and  recommendations 
reached  by  the  individual  tasks  are  not  necessarily  consistent  with  the  final  system 
conclusions  and  recommendations  eventually  derived  by  the  System  Design  and 
Development  task.  That  is,  the  individual  study  tasks  reached  certain  recommenda¬ 
tions  as  a  result  of  their  individual  efforts,  and  which  could  not  take  into  full  account 
the  results  obtained  by  all  other  tasks.  These  conclusions  and  recommendations 
are  contained  in  the  last  paragraphs  of  each  of  the  individual  task  reports;  namely, 
Sections  VII  through  XXI  of  Volume  II  of  this  report.  However,  when  the  results  of 
all  of  these  individual  task  efforts  were  combined  and  considered  relative  to  the  over¬ 
all  ATEC  Facility  and  ATEC  System  Design  and  Development,  it  was  determined 
that  certain  deviations  from,  or  variations  to,  these  results  were  required.  The 
rationale  and  justification  for  these  deviations  and  variations  are  contained  in 
Sections  HI,  IV  and  V  of  Volume  I.  The  resulting  conclusions  and  recommendations 
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*  nrnnSrr  o"  tmiKSUrg.  ntntitgjgaxB?  Ucitlnf.  m;ttr  TSP’*  ssa  Sr  5jrjsrntaS*tf 
UV  572S7  sagabUt^t  DSasr  Sib  723*%  x=r  2s  £»*•  ycrnttficg  jssrSia.  JT33C  sajsSsSUs*. 
•viiiit  Ktir  ctSit*  an*  2r  recast  eeSsaS?  sanai.  Tsbbt  Tilt'**  xsaitiS.  ac*  jrrstxoflcf 
3x£E  5737  .>~q-ej*»r>ta  *s3H  xrrrwta?  is r  5*C£  i£  Sir  crmttre-.is;  ssf  indC  assfcgfgTL  sa 
•ashC  a»  coariiirsstisc.  af  ssj^sc  rc*srer£EX  Tbr*  *»££  i>>»r  *nr*t  «t  is?  3ES  *s£  Cii3K 
asaags. 

s»  iscg&ig  idl'«  iarfirmcascS  JETSSt  Sarfltiirs  sn  iistpr  asto  xraf  5»  *x^esittjf 
x  gafaraattr  scsr&wr  s£  sacs-  asSax  aapaa  «=c3iteiifir  57SSC  sstuxszgt  *aH  2* 
xSbr&sA  TSacst  satfcr—safe  5752.  IcrJSitiasi  «il  ism  snrwt  at*  a  •awrcfiswafir  gglfL 
cascsiisalag  Sh  Sacarttox.  zf  ar^csst  Settop  £a  rncnrai  zf  sr  luQgg 

jinriJrat.  xotf  ihr  rrmaftqj.  s£  atelb  serf  amass  xc  igpcrprnica.  Tar?  -wilE  «cr=a- 
aa  -flraKS  -nstcbcaB  «Uft  iar  2C*  arm  ir  ss&xkuL  casnssnu  saxt  s»  suca  TiH  siersa 
33  -sgcrSttf  zctrtnsn.  Tara  vxlt  sins  tawi  Sic  gcscagamg  amf  3B3ite3l»  cspcmllta 
iir  2»r  tvsaaanr  ynr&qrgasaa  «rrtus  ccisitogftafc.  srsf  sail  fiiasrraxnt  araf  rrgrgnngaf 
zSaojpEi  is  snexssmsteaxst  rtqiaagf  as-  lirfaift  iraaun  n^strasaten. 

VJmrt  x  717  u  xr-nfitf*n£  lul  5757  jggaittDfia.  ia  snnaaaads  .-amaa  icnitm? 
sea-  3«o«  a*  Sr  .maudesf.  7!m:  a.  5?  rmamulfinr  art  rcmiis-rr  nitric  33  iwrit 
in  arspn— icaimr  tereftaus.  tattelifix  aasSt  termiauj  joiJ  remitae  *m=i_  arrr  sum 
as  3*r  siajmriaciitnt  xsillurr  22  xasirnmna:  3il  tuna  rtianat  sites  -vi{L  tnt  gsxrutaC 
zxn&ts  *757  npentimu.  aac  «ill  at  nlheL  reftac*  in  cHcmac?  iraf  s£BHC23wnrcs*i. 

WSijst  x  7C?  2f  gcnsatflgt  zniJ*  saggqt.  *757  cnaaiiiHtr,?.  ±  mu  Sir  srcnxUrtef 
3>i£ft  to  twtt  zinccumc.  re  £  sssa  iftaet-  Sar  zcscssaas  an  aamSar-  5a  JSC?  V&ast 
nurS  jfiariiaf  -U  imtrufiirfL  an  -caliKaatf  yeramastg  autainursuiiinci  aiuemgasgt 
i*j3  zirfiKrwi^s  saaita  a  5a<  jnsnaisir  jmraOsfi-  75«  j«g5ir3sanc«  srizimgrtim 
iaer.'vat  trim  -fustt t  aacatar’uaaata  21  Suet  aJtansaMmrf:  xacS,  is  Ha  nrji taa&aa 
cca'tiin  xts  A3tjia?»  vxd  vnttsinxc  rezizn.  Tniv  ii^rsBirt  zt  itim  applnanfe  as  *S« 
^rneffi  njiBi-,  feacsliUtii  vrmzii  rtvj  ur  rat  jcncaaartir  ic  rat  l&mmmv.. 

Zmtcrzi  5io:lfc? 


Vrn»rrw  x  777  raaiaiici  ucul.,>  smauau.  jc  s’L„  snaenmt  a  ipecana  it  £2 
sctaiau:  isamer  2:  vsL  lestvZr.  iciwswsr.  inm  adturant  is  isarrw  5757  5iguifc.tkt 
kjucs*  trin,h  tveLQzas  v'ZL  jjesass  rLrailt  ^nrikunr  wind  ret  n.  5orr  smaas.  t« 
fe^mirCtaai  vltSa-r  xnszxx.  777-  Idnit.  jusa.  aHagacit.  3a  5777  latUito  vi".. 
tasnarigeaC?  aacf?  ±s-  HP^tr-xcuia*  namia.  777  ac  San  taa  r»  si-i^ei  is  SaK 

-nm  ♦  crSffir.  Sa  5757  iarJlir^  wll  imarSnaca-  itgrJftram:  t’n.iiujm?  me  -yri. 
saariUt  rtritem^. 


7te  >757  Soils?  nj  Sa  «?  eutraea:  '*  Sa  A  77C  5-?^rzrx  2x  in  tall 
X  pcimxC&s  ii:  :cc.ramt  HmgfeaaSa  *.c  ti-si  Se  7C7*  * 

Srv.'rrts.  x-t  ilrxiit}  xrfm^rgr.  x  cm  at  .-xcutrastczif  b:  cr?  tusso rr  tc  rare 


turn 


csS'k:  ggsaeacas  jnessr..  if  treftfa-  Cp  oar  attst  ^F-  sc  1st  as?  kacCtaat  s£ 

Sbr  “30"  i&casa^  it  atspltaaik  is  say  axgsaa  sc  s  £»cr  T£3^  32  is.  snu-r 

slHtogrg  ss*5  sasst  ftffcgSsgr  £ag&stirgfiff  srs  »e£E  act  ssxmniac,  s .  Sscgr  sr  -rnsStos 
scsr  “35*  icra  factor*  sS  lat-  JC2SC  fail!!?  snr  sa  xdJb  «rs 

•  Curdlncaat  3>s3srsxst  yiru:f.  s£  pssSsnrgnsia 


ar-tmrxag*  snrsaC  tasrltor-a; 


SS’-oc sjisx 


.  aisr?  fat  ana  tori  a; 


^ssatsaar  sscsaiiatita  t£  sctfsatwniL  fas  smf  r.rrr.e  snafltorrat  mfunu:- 
Ctat  as  ysawa&r  Gmea.  .*  mssnr  sad  3i*f  ssfitsritos*-  <sf  cs3a**cas£>-Ci3»  attorn 


smf ; 


•  .»asmta&g£  SkuC  ■■ftrSerEfiia 

•  larcaamnseC  iTHirrf  ^tt 

•  -TummaftgE  B3.'i52$  i£  cfijjtot  i«f  arniisf  stonnrfn  am t  aca _ «a 

•  ytrsotsmc;  annmniDsrf  fast  smears  .jiartosnaicar^  sceto.  <faca-  Ssare^ 
gc^gi'ancaa  sesmaw  axsf  mganaOay. 

•  jntonaggt  aioiei  teffiiBs:  aaggtag  ant  •enflmeaatf  -wrt  actor  ymicattmi 

«  SCointtcmajES  sutrran  a  ittusssf  ism  am f  jurnrfa 

•  /ummurarf  rtmsrs  ^minr-ntmt 

»  Tvmsmzm:  siaaesatlicf  totto***  trmjuiy'-mc  C3J3  ami  tmitswju^atosr 

»  Sam&sskrarf  ipmarc  jm&Cram  5sr  Ssaai  Jfouru»r.a^,  J^wtL  •  Caicra 
arnf-  '«cx  Dnatra" 

»  3aczgTsang«nt>.r«*a  i£  •apS'SHto  jonosaa  (n?  rmREinn  rsKXimsaj*  ic 
as  am/  itSur  jcaiEma 

•  tarrsr.a»ic  piszs  pasta  u’ifr  amrauio  ibnniEi.  trjnareg 

•  Jtoncsc  ant  aac  amwa  isr  B-nst:  asosa  fa  rmnuru*  rpiTYiiira  amt,  ac 
fa*  yracasscir 


* 


Aonrcwtzc  pmsmai?  vises,  rsnrursd:  ami.  r»r  iaaiH5/*if  at  frmm.  r^ram:  amt 
ISC  Pi'Sni.  aacaJtits 


*  2a»crraef  gfcriia  sisi 


.  nnr  agsesSagfg  Sasseger  ? 

Snsgg?  tSte  rr.Jiitrrrftg  ca£  pcrisesissc*  ant  itana  Xiinplr? 

pjfltj  aiaSifar:  tte&igz.  persiitSag  parcrf  ■jas^r”**  autism  1  .  rtfimSssn 

St  trtfhTT-Tit  TtnrrTvrsg  tr  sefiidSRf  asrsaSSs 


•  Tzjrsfsxr&zsZhxr^  asstgiag  at  £g  gqpggrsigs  r£  Ian  «gsat  saafeStg^  asJ±l 
tsC?  Ha  ^3»  tstf  garatfc-?  tsspurasT  sxkxn-rxi  st  -asr? 

•  Fi£T  Sjf^-cscSt  tacsailiu.  ycrstftSQsg  ■sar'isa  indent  t£  sasmua.  SJsnSt*-sjt_ 
artttt  lift  2E55taX&?  “hr  ssatl**  rsasasi  ssarrsCtss. 


f  Sasrffanat  5§mr»*.  -dopara  t£  ±ar  4TT2C  Sadllte  xt  sttraaftnt  -a  $*jpu»  -.  Tina 
Aspaia  jersKUdis  lianfgjr sto  ir  ±»  tssmacdsci  St  gravarflag  tar  3i»  4trfb*afssi 
f  iTST  Sannlmrt.  Tin  -nrirma  taisgmst  jgn:i  sa«  Sir  Iratirf  an- 


».  ~l"~itr  —mr»<>TT»— rr;j- 
S.  ?-TT*,t?r?'irr!r''  'lUU  T»MTr»ftTT*«t*Ty 

x.  Tzstc.  3us«*  traf  gatltg  srunaai 
t.  riuifc  xiamtnn 
-i  Itanmvct  unman  jmmiroj 
I  mannan*f  pirmurr 
4  lad  UL*t<t 

i.  -litamrtnij  teat  rteaz~t  rwennif 

\iu*aa«  iatt  mnern.  r.n«:m£saj  smanua-. 

..  Znca.  jr-xota  •  w 
<  ~tarru  atcaraauracma 

7— *zuic  jannC-ijnrcf  xi  2aam«r«:  iia  ams:  -rtiinuiut  imt  tmn:— ttZxonv*  xC  tar 
Ttr~jtui?  Smegma*  sir  ouamDa.  m*miiinis£  *a_r.u»r,  n_ma£  an mltnranf  it;  a 
irv  srfrtgaax  nanc  incnn  an  jr-mta  i  nasmnasaa  isp-sn  it  amte?  mmsrj? 
inn  inut  xfcixgmi  m  i  wnrjtiwufii  lanu*  .  garr-tr.?  tnr  jinrSamnno* 

-x  ga  v/tiTitivjtR  sianxnmxcaC aia  fx'BSkjt.  Cbmun  nnTufi.nr.njj  xi  xartarmnf  ut  a 


gnnffir-uraa  scat  teantx  sc  fi*  Tr.ay.sx  x£  x£L  uisaute  Sroa  Sr  *737  isaAte  7b*c 
2*L  s£L  TJ  3K4£  2*7  aresaer  ggnatfigg  fear  ±ar  SastOS?  »»•  Sr  paisar?  sari  nr  2*7 
pett iH  itdlttisr  xsst  •grgtteirgf  xs.  x  atrrarrgf  swr-miaUlT  Stmt  iaemv.  IJurTtcfic.. 
ail  «T  sftrssfta  fa&'J&zs  Steatr  sssrffgg  irSararriisa  gyrtenq;  tang  Si* 

iscilLte  sC  S5*  aaiftgftts  -s***-  sadUt  i  rsSikr  rerer  art  Sr3scsatU.c»f  Sr 

Si*  T*  aasesnf  ir=?si  ssaf  xanateratf  is.  *  amt  ar£  sas— ssitestr  Stmt  teaswu.  SaeS 
TJ  grssaK  orsaturisnsrc  Srs»ia«  s  ftfSr.r3testetir  sr  Si*  jcsamac*  nr  r* g»r~r^  if 
*3*21*0.  ssf  sgaacgssa  *t  ■-  xiipaa  ssS  antra  trsSi.  iacs  SUctet  atmut  saaateaa 
fltarsgns  rf  rats  if  SsssBtttsai^  ss f  cam  Sttea^jiuTctaTr  grout  laaofisat  SnSjcteni 
if  uxn  xf  SsoartlScgr  sxsS  ausaturasssr  if  StetarStia.  IS*  -ccrcss  Ss&sdteii 
maamrsegarsa  xs*  amgaimf  **i£t  grsttnrrf  Sarcrgratla  gamsssssigg:  S  Sa  7  sms. 
T.aiagr  gstf  2t*S  .gmstttfflai.  Tbxr  »-—raer  smf  Jtal  asdSag  viii  rasulS  st  mnataEScir- 
aunt  if  Sar  -half  ssmsrtca  idOr- 1.  7r=ca£  ssasstiu  rill  3tim  2«  3«rSnrancf  testeg 
Inner  saaftl&ica..  Saaste?  jmsafL  g  3  jrsedretua  if  St*  Saar  Sice  teSanr  3  2mr  ar  3 
ZiTita  .ssaatSna  nil  tussssr  7b*  team  usd  aim-tr  tehtmrxtitiu.  u  wil  gs  srorf 
rtfitiracamu.  nit  Sr  sarssJtasul  «U  uttwr  srsstrn  -*xl  mum  afmraaiTtmi  m  Sac 
min  TasT*  Saute  nil  ter  llatestvaS  St  in  tmnamr  if  Sts  naexa  nmuiarUa;  itegaw 
usf  aicErtt.  ^mclOns.  T^rtsisssuxi  saxf  arefitnarf  sasasat  imtuns  nil  sum  2* 
dsteiiwKS. 

£.qacnaaat  ’-lira  unmterus;  sav3*a®j  sanuteiatttg  murmurf  <*••  ant  uni  caxujKntsr 
jsgmuenca  33  s  gsrStewnm-  *»csx  Ssatutv  sc  3  aictmst  swi-mmuca  rsnu.  Tbw 
icmsit*  jscstsniaisw  as  5*  rmmttexsrt  *c«  itrosit  a  Tattltr  2E  if  f»t*ann  227  ?*uantrr 
err  psnsulicf  5ir  eseir  if  Si«  lOHmlluif  passtsatsosaw.  aa£  Stmr  atsmaatwr  targset 
vst  «ama£  7b*  rtaalKag  unstaiasaanaa  *ea  ttiw  nunua rrttf  nfb  pruraaref 
Icra.  ».snt*r  oaf  Jief  SnrtsttBHto.  J^am.  Sreaf  irai-rniif  vtll  ar  ynThr-nca 
tturtUr  Sar  Kattar  anufi3rxn.  7b*  rtrtiutltsj  Szuit  -trihiraaOun  nil  a  nrrtcmc: 
vite  itear  Sait  mVaranutrai  a  urUtr  Si  prtwute  uUu  'at"  mr a  rw~irm»rf.mn  i: 

1:1  npRrsmr  sc  *  «aiau  aaaitetcag  listens?  sail  tnacru  jraua.11.  ftpau  jzssmnniet 
ins  jraraamt  rtstuai  ^tatra  nil  xum  at  aaoms.vrt. 


Ifmuttiir  imt  sac  aunts  i«  jxrmted  w  Sac  m  xijHrsm*  tc  a-  axmlit?  aiacrm 
lluamv  uat  arncm.  jnatttnn  u*  ic  »  tctftm  arauScnriaj  jrauit  a  ran  rtrruiCau  matas 
aiy  firaiyrl  asaut  ic  ja  a. rant  ptnsi  juxjuairzcc-  .73  jr-suur>  jama  anjitatrsnot 
iraT  Oi  111  ptrtai  uajssasaraat  in  ream  JiUUiaiEa:  sett  taiujjmuaia  art  jmwtijttc 
sc  sacs  ttauai  aumUwruaf  jranttca  22  jJttnufc  inut  varlltragiai  sait  iaut  nuiaOua. 
atmOuau-  star  crairarurac  j  jsrmaita  sc  Sui  auulii'  nutaOurrsf  panOtin  it  jnr-ait. 
attai*»irt  szaasf  ixr  vaailimUua  aranOisc  aai  aaagpaaca  Tba  ragucj ilia  ymtei 
*aa<t  aurntec  saxt  isac  auuai  iaailtetan  Sai.fc  imiaOsn:  vOua  Si*  ?  7r-7  SuaJUb? 
aat  *um  nararts  uimucmf  rte*r  77Ti  a  Saar  t£ira 


I 


■ftatasagaf  feat  am .afitn  >  mux  ■xiOiir.  ±hr  r.TSC  ZxsB&s.  H  zt* 

nma-ail  csataaaaa  t£  ±*  n.cmj:  taxaxJtarirf  mf  c^atenxjcsi-’iat  tainiiagil^:  isarltma 
ttinat^*  ikssriiei  7S*r  sanmscaf  *arQl  amhearo  fcrsfrar  2f  ramaBs  ggggaeS  tscr 
jagftRgfexa  t£  2  Stall:  Tvt  int  assist  aascArmsg:  nsgfrpr..  'U*zxrr  s  Ssa£b  «  ^Kfassrs 
at  at  scaponj  -aimfC  sc  fin-  Sxtreftgmf  50SE.  sasosfery  snstsansnEsa  arr  astir  m 
UsS  man  arrant  trass:  yraaraacg  slrrrxtxnx  aa5  «2t  fer  taaritor  raff  asc  iaca. 

Timer  aassaStg?  ramar-mctm  2  •*  astajtl«y  saa  sc  3xa  nssstC  a  assulE  sss£&  tasff 
sratsasy  pgaS.  aotwssssaas.  Task.  Sac  Ssiit  2»  Snouccfc.  --  a  .  tga»gm-  SxffuSacaf 
irr*  mart  gagstL  Sesavnct  <nmt£  ratal  so>f  tcararr?  gsttsa,  ir  carat  as  ±sr 
JCTSary  3K3T3. 

Snaiar5*_  i5  »  Sat£l  a  iustjcaisf  at  at  nrtpuitg  atssut  vtss  &xt  arnraat  cn3Sts»- 
xmui  east  twcfifi  x  Ittt  3*aafi  masse  it  iar  grSsgra  tattrii.  eacnaiisr?  satamgaatgaa 
Sir  2au t  taxmSisx  jpaspcawo  sra  mate  infer  sncnsimr  Umsilua.  Snwrar. 

a  rSin  sm  Sic  waaaSrt  ccaasryaesga  in  Train  a.  2»  sarrut  psmft  tyyusisncsr 
<a  Sia  cisainr  ontff  srsc  2=ik.  naff  ir  Sir  feunritsmff  igrromcu  sa  Sas  %ewftarrf 
etansm  mnttncasj  acsarau  5raa-,  iitt  ixuifc  a  sqpm  smihoadlL  «  «. .  ixmso  t&r 
mn-tti  jmnt  »  ffusertna  taaeaii  1:  ±r  ii^inar?  pxitat  sntf  Sir  emit  *snro  ir 
ar-awnta  ife  smalt  jrnra  iraff  tSc  ’teanfisxnff  icygaaim. 


:»ia nr  minute  at  Sniit  .uuicrimx  an  ;nrrR*iSel  sa  ■+*»  oraii^tiai  iff 

Hu  panssnmr.  -  c  _  Jr  zinilEy  at  maicuatr  ntur  1  trout  art  2mit  aflirantirai  tritti 
Hit  anammatraaugi:  litrnnieff  Snnr  Star  -sssSctet  aasacm  sniff  ssratn.  fetter  tiur 
taaillgi  catnCnfc  33  wafE  n*  Sixr  stanut  -nrmfiicfeaf  Tnrltiiuui^  car  staara* 

tsn  trtnTiinn  lajssang na  sf  ±Ttr  Jaairstff  aesctlt  at  ihsanwcf  a  1  anaemia  ysua^ra^l. 


'.mv  tutr  rvvrt  i£  tran  aasua  arrr  n  tsr  «n5mwtc  ?maja  nrX  yrmam 
ant  X  fvr^j  ^Ttsnvtwtii  ngtrant,  jatuit  >b;uhu  tciitsas  to  irairot  uu.I^..^r  -vizi 

trawifiKl.  ■■ntsa  v;rr-f  wnmamj  -veil  Ht  srrmutatt  aster  tin  tnfifeu  u'  Sat  jmcjetnnr 
Si>*  jjarjfiiMcj  at.  jaunt  vtmlnattim  mi  teaarttng.  if  isntd.ag  jntaiaa.  Tlui'  aannsi 
»cr:  tsacui  int  it  scriciisg  lupuxltcmar  a  Ste  wrtn  uff  atrsmtaa  iziL— saut 
u^rrattrai  visa rr*  s^i  j»Qcaraj^  at  »vuL  at  Tuunituma  aat  mate  ire  amm- 

atitniKt  T-a  Sa*  jaarn  tz^t- 


tin-rmnn-r-r  7argmr?q-  zc  Barrs  iw^teauaf  a  jmnriast  uni;  Sir  soutcnirt  nr  nnre. 
~r*trt3»  jpmant  x  Bmiss  marts?  Tnntmmrnt:  sat l  Si a  scat  mf  «mt  if  ±at 
f^itxmraf  snasaes.  sttsts  ma;s  swll.  r*  i  ..■gstsarg*  5sr  jrrac  wwtsshn^.  ani  fcaiif^ 
inaaL  thgiai r-mi^ata  nanress  vxll  is  icc  -1-  aaf  tnu£  ssateatag. 

ftv.Msmuat  —  ace  jnwtitBsr  at  at?  inm  ir  li  ury  fe^rts  Sir  tta  pr-ranr;  yeas. 

Tit!  narnr  -nysd.nasr  n  yinsfiiiaif  mnuTirtcut  tanansq:  -a  Sic  nipt  ms  mrt  strjrt 
m.t  Suw-wtr.  vsirrt  jumSitc  ss  rsaxtrant  jStcr  Stas  tLrtss  nnlar  13-10253^  x. 
can  ut  utt«u3is  n  an;  ia^rtti  imu-rnr  ir  an?  naj«.  Ssu  CTianf  is  ti  .“Eiei 
sat  jtrrotaiKir  o  rei^nsac  n  xsnatr  rimcmaia  sr*.m  1a?  if  i*c  disaa?  me 
mixer-.  >  aiHaSiunj 


*  -fees  Sent  2*  jcnCJfttf  in?  te dt  Trigtir  aasf  T.--’vll?*'**'  /$♦»•?>  ’gterttr  «??♦»♦». 
an  ^nxrt^sssfflgcE.  Tre-r-jf  jra-sSsxsv.  t-ri"rT«>f»~f?*iTrr?r  ausf  asraaf  pK?iarr=rsa 
tossjato  ■sail]  tot  artrrffti  2x  a  lilifit  lUr  Inc  TmtSa  sptrattar  xscjgs.  a  prajsstur,. 
a:  *932;  s^rngiaj  iassJSxar.  QSur  s£J£r  •■me*,.  scrtostfterijf  a£E  mm  amefiaf  to* 
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SECTION  m 


AT2C  SY5TZM  CONCEPTS 


1.  BACKGROUND 

I  Iba  l>efes2se  Comsunication?.  System 

Hsjcr?  cceassgsScaticgg  requirements  of  the  Department  of  Defense  (DOD) 
z=d  ether  ro~'-Deferse  governmental  departments  and  agencies  are  served  by 
an  extensive  soridvrice  military  com mmicaticns  network.  The  principal  element 
is  ibis  system  is  the  Defense  Communications  System  (DCS),  which  consists  of 
l-cci %-bssl  tramimissicn  facilities  and  associated  switching  centers.  The  DCS  is 
coSroQsd  by  die  Defease  Commanicaticns  Agency  (DC A)  and  is  operated  princi- 
r-g"y  st  tr??>  2?fli£ary  . 


1.2  B=qcL?emfi£±s  for  Technical  Control 


Every  reasonable  effort  is  made  by  the  DCA  and  the  military  departments 
to  desCgn  a  very  high  degree  of  reliability  and  survivability  into  the  system; 
bearers  r,  all  long-haul  commanications  systems  are  subject  to  degradation  and 
feilnre  doe  to  natural  peer-omens  and  normal  equipment  failure.  One  of  the  func¬ 
tions  sf  TSch  Control  Facilities  (TCF>  is  to  alleviate  the  deleterious  effects  of 
saca  degradations  and  failures.  Technical  Control  Facilities  monitor  the  quality 
and  fsnctiosaae  o.'  the  system  and  have  prime  responsibility  in  restoral  actions 
izrroiving  less  of  communications . 

In  its  role  as  fee  controller  of  DCS  stations,  *  e  TCF's  interface  with  a 
designated  DCA  Operations  Center  Complex  (DOCC  element,  receiving  oper¬ 
ational  direction  from  the  DOCC  and  supplying  str  s  information  to  the  DOCC. 
Certain  of  the  DCS  stations  are  designated  as  DCS  reporting  stations  and  submit 
rear-real-time  and  periodic  reports  (DDR's)  to  the  DOCC  element,  including 
reportsd-GG  stations  for  which  reporting  responsibilities  may  have  been  assigned. 
These  reports  fulfill  the  requirements  of  DCA  Circular  310-55-1,  "Operational 
Direction  Manual  of  Defense  Communications  System  (DCS).  " 

In  addition  to  supporting  the  communications  requirements  of  the  DCS,  the 
TCP  is  also  responsive  to  the  tactical  needs  of  all  military  departments.  Thus, 
communications  resources  are  provided  for  many  forms  of  service,  such  as 
gTousd/air,  ship/shore  and  ground/ground  as  required  for  non-DCS  service. 


1. 3  Functions  of  Tech  Control 


Technical  Control  can  be  broken  down  into  three  major  categories: 

a.  Fault  detection  and  isolation 

b.  Restoral  of  service 

c.  Record  keeping  and  reporting 

These  functions  in  today’s  TCF's  are  performed  primarily  by  manual  procedures,  and 
in  some  cases  are  aided  with  small  degrees  of  semiautomated  quality  monitoring. 

1. 3. 1  Detection  of  Degradation  and  Failure 

In  order  to  carry  out  his  responsibilities,  the  Technical  Controller  must  be 
alerted  when  a  circuit  is  in  trouble.  Trouble  may  be  defined  as  the  delivery  of  an 
unsatisfactory  signal  to  the  user  or  the  presence  of  an  abnormal  condition  in  a  station 
or  on  a  transmission  link,  which,  if  not  corrected,  will  result  in  an  unsatisfactory 
signal  to  the  user.  The  objective  of  the  Technical  Controller  is  to  prevent  or  minimize 
the  unsatisfactory  user  service  on  the  circuits  under  his  cognizance.  The  degree  to 
which  he  is  able  to  accomplish  this  objective  is  determined  to  a  large  extent  by  the 
tools  at  his  disposal.  His  tools,  in  terms  of  the  Technical  Control  facilities  provided 
for  his  use,  must  be  designed  to  inform  him  promptly  of  any  and  ail  trouble  affecting 
his  circuits  and  to  aid  in  correction. 

There  are  a  number  of  ways  in  which  a  Technical  Controller  becomes  aware 
of  circuit  troubles.  The  simplest  but  least  desirable  is  for  the  user  to  inform  the 
Technical  Controller  that  the  service  is  unsatisfactory.  An  alternative  is  for  the 
Technical  Controller  to  monitor  the  quality  of  the  signals  being  transmitted  from  his 
station. 


1.3.2  Fault  Isolation 

When  a  trouble  is  detected  on  a  circuit,  the  function  of  the  Technical  Controller 
is  to  locate  the  fault  and  take  corrective  action.  It  is  essential  to  the  proper  operation 
of  a  Technical  Control  that  faults  be  quickly  isolated  and  corrective  action  tffected. 

In  some  cases,  the  trouble  may  not  have  caused  immediate  less  of  service  to  the  user; 
however,  speed  in  isolating  the  fault  is  important  to  avoid  service  being  affected. 

1.3.3  Service  Restoral 

After  detecting  a  fault  and  isolating  it  to  an  element  of  the  communications 
system,  the  Technical  Controller  is  responsible  for  restoral  of  service.  To  carry 
out  this  responsibility,  the  Technical  Controller  has  facilities  for  patching  spare 
equipments  and  limited  amounts  of  spare  circuits  for  immediate  restoral.  Other 
situations  may  require  maintenance  actions  to  effect  restoral;  also,  in  those  cases 
where  circuit  priority  justifies  such  actions,  lower  priority  users  will  be  preempted 
to  effect  restoral. 
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L  3.4  Reporting 

Reporting  and  log  keeping  are  necessary  but  iime-consitmicg  fnneiiCEs  for  a 
Technical  Controller.  Report  tig  requirements  for  Technical  Control  are  established 
by  fee  DC A  in  DCAC  310-55-1,  JtOps rational  Director  Manual  of  Defense  Communica¬ 
tions  Systems  (DCS)",  2nd  by  the  02:  H  agencies  of  the  various  military  departments 
in  such  documents  as  '"Navy  Operations  Reporting  Requirements  for  Automated 
Technical  Controls  '  fcr  the  Navy,  and  AFC8R  100-17  for  the  Air  Force.  Although 
the  A  TEC  sscdy  group  did  not  receive  any  Army  documents  covering  their  reporting 
requirements,  it  is  understood  that  they  are  similar  to  those  of  the  Navy  and  the 
Air  Force. 


2.  REQUIREMENT  FOR  AUTOMATION 


The  ever-increasing  work  loads  placed  on  the  Tech  Control  facilities  of  the  DCS, 
due  to  growth  and  the  increasing  use  of  high  speed  digital  transmission,  have  high¬ 
lighted  deficiencies  in  the  present  system.  The  future  trend  toward  more  and  higher 
speed  digital  transmissions,  wife  the  attendant  stringent  performance  requirements, 
and  the  problem  of  obtaining  and  retaining  the  required  quantities  of  skilled  personnel 
are  causing  this  situation  to  worsen.  In  order  to  cope  wife  fee  present-day  situation 
and  accommodate  the  growth  rate  of  the  system,  action  must  be  taken  now  in  order  to 
present  the  technical  control  facilities  from  becoming  the  bottleneck  of  the  system. 

The  present-day  Tech  Controller  is  burdened  with  the  task  of  attempting  to  perform 
his  duties  with  the  tools  and  facilities  of  his  trade,  which  have  not  kept  pace  with  the 
technical  advancements  made  in  fee  systems  which  he  attempts  to  control.  These 
facilities  and  his  tools  have  changed  very  little  from  those  used  in  World  War  n, 
and  are  simply  not  adequate  to  cope  with  the  present  situation.  An  attempt  to  solve 
the  problem  has  been  made  by  adding  more  and  more  manpower;  however,  this  solution 
is  not  cost— effective  and  has  not  soiveo  the  problem,  and  in  most  cases,  escauss  of 
chronic  skilled  manpower  shortages,  the  facilities  could  not  be  staffed  to  authorised 
levels. 


All  of  the  functions  of  Technical  Control  delineated  in  paragraph  1. 3  are  candi¬ 
dates  for  automation.  The  following  paragraphs  describe  ways  in  which  automation 
may  be  applied  to  the  performance  of  these  functions  in  order  to  obtain  a  significantly 
more  effective  facility  capable  of  implementation  within  present  state-of-the-art 
technology. 


2. 1  Fault  Detection  and  Isolation 

The  primary  mission  of  the  DCS  Technical  Control  facility  is  to  assure 
optimum  communication  sendees  for  users.  Provision  of  optimum  service 
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respires  that  Tech  Ccctrol  persasasJ  be  aware  c?T  fee  resJ-^saa  tote!  c^ZEste- 
tloa  perfonaaace,  aiad  make  cse  of  this  Jscr-isdge  to  preraat  or  correct  crsztis- 
factorv  service. 

Coffiffianicatlaa  performs  race  car  be  obfe  sy  a  msentorirg  toncSae 
which  is  cou^josed  erf  subfnaeiioss  as  follow: 

•  Equipment 


«  Circuit 
0  System  status 

The  first  three  suMimctions  can  be  accomplished  by  direct  mom  tori  eg  of  accessible 
communication  resources,  and  the  fourth,  system  status,  may  be  derived  by  analysis 
of  the  first  three.  In  present  TCP's,  the  status  monitoring  function  is  limited 
by  the  capability  acd  capacity  cf  the  manual  operators;  they  frequently  must  rely 
upon  notification  from  users  of  unsatisfactory  service.  Therefore,  automation  of 
monitoring  for  performance  assessment  and  failure  prediction  is  considered  of 
primary  importance  in  the  A  TEC  facility. 

To  accomplish  equipment,  link  and  circuit  monitoring  involves  (a)  the 
selection  of  parameters  capable  of  effectively  evaluating  performance,  (b)  measure¬ 
ment  of  these  parameters  without  interruption  to,  or  degradation  of,  normal  ser¬ 
vice,  (c)  orderly  collection  of  the  results  of  these  measu  aents,  (d)  association, 
analysis  and  evaluation,  (e)  presentation  of  results,  (t)  acquisition  of  additional 
relevant  data,  if  required,  (g )  decisions,  and  (b)  initiation  of  action. 


The  objective  of  ATEC  is  to  automate  the  actions  listed  in  (a)  through  (e), 
and  provide  tools  to  assist  the  operator  in  (f)  through  '(b) .  The  remainder  of  this 
discussion  is  devoted  to  the  considerations  and  analyses  related  to  the  effective 
accomplishment  of  this  automation. 

2.1.1  General  Considerations 

The  ATEC  system  must  provide  a  maximum  return  for  every  dollar  in¬ 
vested,  and,  since  a  minimum  deployment  of  ATEC  facilities  within  the  DCS  can 
provide  a  highly  significant  performance  improvement,  the  presumption  of  an 
initial  minimum  deployment  of  ATEC  facilities  within  the  DCS  is  reasonable. 
Sufficient  &nd  strategic  circuit  status  monitoring  can  provide  information  relative 
to  all  circuits  (drop  and  through  circuits)  at  an  ATEC  facility.  In  addition, 
information  relative  to  the  performance  of  other  TCF’s  is  also  obtaired. 
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Tz&  izspoTtszS.  poize  is  fefa  fgs3a  are  dsftacasd  asxB  -gSgrgag  Ssaizg 

Se  fecSIiy,  regardless  e£  tbs  IsceSco,  o£  fins  gsfeL  CirccS.  zsasSgrisg  e^,  cfi 
cccrse,  detect  sasiss  fea±  exfat  beorsea  tie  A15JC  iasaSSy  sd  fee  crigfazfer 

(twaib?  ZlSSTy.  fa  C£3fr,  fZsSt  detection  Xzd  2S£f3£g3Sg  £3  Slsfet  l«y!?m  cs 

a  trosass  csn  be  sccsapifabed  ec  a  circa  £  stse  fee  fasted  gaer  2225-  be  Eca- 
dfeds  or  feossscds  of  mfe*  assy;  fees,  tie  ATSC  facils?  detects  faa~ts  cc  cir- 
05it3  fer  -idea  rl  is  not  fee  serricfag  TCF. 

EqGfad^t  mezsrrecacsds  caa  nrcrrids  eq?3pogz&  states  sad,  fa  addrficc,  iskxr- 
ssSca  relative  to  fee  crrezxH  perform;  rce  assessments  of  fee  a  TEC.  OetecSfeg  feasts 
(degradatiog  or  failure)  wri^m  fee  ecn  masers  wbsa  a  fault  occars  provides  fesrsssi- 
aie  isofatieo  of  fee  problem.  fecreas^  fee  msber  of  parameters  ts  be  measure*1 
in  an  iodivEfeai  equipment  cooki  farther  .s-ofate  fee  fault  to  ei&mez±5  05  fee  equip 
mete.  However,  this  is  not  cast -effective  or  necessary  for  efficient  technical 
ccstrol  at  a  station-  fa  most  instances,  restoral  —  service  fa  not  depearieat 
upon  immediate  repair  of  fee  failed  equipment 


Equipment  fanli  detection  is  squired  fa  selected  eqaipmenfa  to  provide 
significant  technical  information  for  control  of  communications  facilities. 

The  equipment  parameters  selected  for  measurement  must  contribute 
significantly  to  the  detection  of  equipment  faults  and  to  fee  assesrfment  of  the 
communications  performance  of  the  station-  Those  equipments  that  support 
large  numbers  of  communications  circuits  are  primary  targets  fer  monitoring 
fa  the  ATE €  facility.  The  status  monitoring  of  these  equipments  will  provide  an 
effective  information  source  with  minimum  application  of  resources.  These 
equipments  include  wider  ind  communications  equipments  si.ch  as  multiplex, 
line-of-sight  radio  terminals,  tropo  radio  terminals  and  satellite  earth  station 
terminals.  The  parameters  which  have  been  selected  for  measurement  are  those 
which  will  provide  optimum  performance  information. 

The  combination  of  circuit  monitoring  and  limited  but  significant  equipment 
monitoring  in  conjunction  with  correlative  process  fag  of  the  data  obtained  provides 
the  optimum  approach  to  fault  detection  and  isolation  at  the  system,  link,  circuit 
and  equipment  levels . 

2.1.2  Selection  of  Parameters 

The  initial  identification  and  selection  of  parameters  to  be  monitored  were 
made  by  the  individual  study  task  groups.  These  parameters,  as  well  as  the 
accompanying  rationale  and  justification  for  their  selection,  are  contained  in  the 
following  sections  of  this  report:  Section  YU,  Link  Status  and  Monitoring; 
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c£  Parszsstezs 


The  ffiisiDfe-i  listed  Is  Izlae  H  vez&  gerSgssad,  aadysed  mi  ersfested 
by  members  cf  fet  ig^rfezl  fesk  grass  23s  fes  systass  mtlysis  grccp.  He 
basis  for  tfrafcstigg  was  tectoncal  gad  cost  efisctfvsisss  rasing  to  fee  cfcjteefepe 
of  fee  ATEC  system. 

Tbe  resaUsas  parass^ars  reosnmead&d  for  resaff'C'eoesit  in  fee  ATEC 
facility  are  listed  in  Table  EL 

Tbe  circuit  status  monitoring  parameters  are  basically  exchanged  fr;en 
these  of  Table  Q.  except  for  digital  circuits.  Ke-trarsitice  detectic?i  -snes  edited 
to  both  the  low  and  high  speed  digital  circuit  parameters  to  permit  detection  of 
service  anomalies.  Synchronization  and  out-of-service  distortion  -srere  also 
added  to  fee  high  speed  digital  circuit  parameters  to  permit  fault  detection  ssd 
fault  isolation. 

Tbe  following  changes  were  made  to  tbe  parameters  listed  in  Table  n 
in  order  to  optimize  the  equipment  monitoring  requirements. 

a.  All  of  the  primary  in-service  parameters  for  monitoring  of  the  HF 
transmitter  and  receiver  were  retained.  The  secondary  parameters 
identified  as  VF  channel  input  and  output  levels  are  also,  required  for 
fault  detection  and  fault  Isolation  of  HF  equipment/circuit  problems. 
The  VF  channel  input  to  the  transmitter  provides  the  last  point  for 
observing  signal  level  characteristics  prior  to  transmission. 

At  the  HF  receiver,  VF  channel  level  provides  the  first  monitor 
point  for  detecting  received  signal.  The  HF  transmitter  and  re¬ 
ceiver  performance  assessors  are  not  required  for  the  operation 
of  the  ATEC  system.  They  would  provide  expedient  assistance  for 
the  maintenance  and  diagnosis  of  the  HF  equipment,  and  are  included 
for  consideration  as  maintenance  equipments.  The  ATEC  system 
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operational  and  functional  requirements  do  not  justify  the  need  for  _ 
these  off-lme  assessors  in  view  of  the  present  trends  toward  in¬ 
creased  wideband  communications  requirements  and  decreased  HF 
requirements.  The  performance  assessors  have  application  in 
special  situations,  such  as  air^rourd,  ship/shore  and  associated 
maintenance  needs. 

b.  The  primary  parameters  (Table  II)  identified  for  monitoring  of  the 
LOS-TROPG  radio  terminal  equipment  are  all  required  for  the  oper¬ 
ation  of  the  ATEC  system.  Two  secondary' parameters,  baseband 
signal  level  (transmit)  aid  combiner  performance,  are  required  for 
effective  performance  assessment  and  fault  detection.  The  transmit 
baseband  signal  level  measurement  provides  for  detection  of  excessive 
signal  levels,  which  cause  overmodulation  and  distortion  of  the  trans¬ 
mitter.  The  combiner  performance  measurement  detects  the  loss  of 

a  path  in  a  diversity  link.  It  also  provides  the  means,  in  conjunction 
with  the  receive  signal  level  (AGC)  mo  for  detecting  im¬ 

proper  combiner  operation. 

c.  The  satellite  earth  terminal  parameters  listed  in  Table  II  do  not 
appear  in  Table  HI.  The  parameters  identified  (Table  II)  for  measure¬ 
ment  at  the  satellite  earth  terminal  are  commensurate  with  the  para¬ 
meters  Identified  for  measurement  of  other  equipment/link  status  and 
performance.  The  present  Defense  Satellite  Communication  System 
(DSCS)  planning  for  the  satellite  earth  terminal  includes  the  require¬ 
ment  to  monitor  most,  if  not  all,  of  the  parameters  which  have  been 
identified.  It  is  also  intended  that  the  information  be  processed  at 

the  earth  terminal  for  efficient  and  effective  control  of  the  satellite 
communications  transmission  equipment.  Information  collected  at 
the  earth  terminal,  which  is  pertinent  to  the  functional  operation  and 
control  of  an  ATEC  facility,  should  be  passed  to  that  facility.  The 
type  of  information  required  would  be  the  real-time  status  of  the 
links  used  to  support  the  ATEC  facility  transmission  needs.  Short 
and  long-term  trends  and  performance  analysis  should  already  be 
planned  as  part  of  the  eartn  terminal  processing  of  the  status  infor  ¬ 
mation.  It  is  recommended  that  Initially  the  status  information  be 
transferred  to  an  ATEC  facility  via  manual  coordination,  employing 
ordersrire  capability,  required  between  the  ATEC  facility  and  the 
satellite  earth  terminal  station.  When  satellite  communication: 
become  more  predominant,  and  tea  ope  rational  control  at  the  earth 
terminal  station  is  more  firmly  established,  the  transfer  of  the 
gertisss:  status  information  sbcold  be  automated  fprocesscr-to- 
prccessorj  between  the  two  facdiUes. 


d.  Only  two  of  the  four  prima  j  parameters  identified  In  Table  n  for 
monitoring  the  VF  carrier  FDM  are  required  for  the  ATEC  system. 
These  are  receive  group  pilots  and  major-minor  alarm.  The  re¬ 
ceive  group  signal  level  measurement  is  not  required,  since  all 
VF  channel  breakouts  are  to  be  measured  at  the  user  drop,  and  all 
through  groups  are  to  be  measured  on  an  individual  channel  basis 
at  the  transmit  baseband.  Measurement  of  the  system  pilot  tone 
wculd  be  redundant  with  the  measurement  of  the  radio  continuity 
tone  and  group  pilot  tones.  The  secondary  parameter  of  carrier 
oscillator  stability  should  be  Included  in  the  major-minor  alarm. 

e.  All  of  the  TDM  parameters  identified  for  monitoring  are  required 
for  the  ATEC  system.  The  parameter  entitled  "synchronization" 
was  expanded  to  two  measurable  parameters:  framing  error  rate 
and  framing  synchronization.  Only  framing  error  rate  need  be 
measured  when  they  are  both  available. 

f.  The  data  line  modem  parameters  are  basically  unchanged.  The 
analog  signal  Ifevel  parameter  identified  in  Table  13  is  to  be  measured 
by  circuit  status  monitoring.  Loss  of  carrier  (VF  transmit)  and  no 
transitions  (DC  transmit)  have  been  established  for  measurement 
when  sensors  are  available  in  the  equipment.  These  parameters 
will  detect  faults  in  the  modem  equipment  and  assist  in  fault  isola¬ 
tion.  Some  modems  have  bit  error  rate  sensing  available  from  the 
encoding/decoding  scheme  used  in  the  modulation  technique.  This 
parameter  should  be  used  for  circuit  performance  assessment  when  - 
it  is  available. 

g.  The  available  major-minor  alarms  of  all  equipments  will  be  moni¬ 
tored  to  provide  immediate  detection  of  equipment  faults  and  rapid 
isolation  of  problems. 

h.  Link  monitoring  is  derived  from  information  obtained  from  certain 
sensors,  which,  in  moat  cases,  are  also  used  for  the  equipment 
parameters  being  monitored.  Link  status  Includes  performance 
assessment  of  the  equipments  supporting  the  links;  path  information 
is  obtained  from  collating  and  analyzing  measurements  01  certain 
equipment  parameters.  The  link  status  and  monitoring  requirements 
were,  however,  evaluated  separately  from  equipment  status  and 
monitoring  (see  Section  Vll).  During  the  later  collaboration  effort 

of  t be  study  task  groups,  it  was  determined  that  all  of  the  lick  status 
information  could  be  obtained  from  the  identified  equipment  param¬ 
eters.  Those  fea  ps  "meters  that  coaid  not  be  delved  from 


other  parameter  measurements  and  correlation  techniques  were 
not  cost-effective  to  implement,  since  link  or  path  faults  account 
for  less  than  1  percent  of  the  total  outage  time  due  to  all  faults. 

2.1.4  Parameter  Measurement  and  Information  Collection 

Techniques  for  measurement  of  the  various  parameters  (in  Table  HI) 
were  investigated  in  detail  by  the  appropriate  individual  study  task  groups. 

These  efforts  and  results  are  documented  in  detail  in  Sections  VIII  and  IX. 

The  methods  developed  therein  rely  primarily  on  sampling  and  scanning  tech¬ 
niques.  That  is,  either:  (a)  a  sensor  is  dedicated  to  the  measurement  of  a 
specific  parameter  at  a  particular  point,  and  the  outputs  of  many  such  similar 
sensors  are  scanned  and  relayed  to  the  processor,  or  (b)  a  large  number  of 
similar  points  requiring  monitoring  are  scanned,  and  the  output  of  the  scanner 
is  provided  to  a  single  sensor;  its  output,  in  turn,  is  relayed  to  the  processor. 
The  primary  reason  for  employing  scanning,  or  sampling,  as  opposed  to  con¬ 
tinuous  full-time  monitoring  of  all  points  is  the  high  cost  which  would  result 
from  the  large  number  of  monitoring  devices  required. 

A  scan  interval  of  two  minutes  is  considered  optimum,  and  was  based 
upon  a  number  of  considerations: 

a.  Detect  degradation  of  service  or  change  in  state  prior  to  user 
complaint. 

b.  Detect  degradations  or  failures  and  permit  correction  prior  to 
need  for  reporting  (correct5 on  within  10  minutes  of  time  that  outage 
began). 

c.  Eats  "i8b  trends  by  analyzing  parameter  measurements  as  a  func¬ 
tion  of  time. 

d.  Employ  existing  state-of-the-art  hardware  for  scanning  and  monitor¬ 
ing. 

Relative  to  the  first  two  items  above,  a  time  interval  of  less  than  5 
minutes  is  desirable.  Such  a  time  interval  would  also  satisfy  the  third  consider¬ 
ation.  With  respect  to  available  hardware  and  techniques,  it  was  determined 
that  for  o as  of  the  largest  sites  (e.g. ,  Fucku),  all  of  the  requ.  red  parameters 
can  be  monitored  in  a  time  period  on  the  order  of  one  minute.  The  capability 
for  accomplishing  this  task  in  a  one -minute  period  takes  into  account  the  scanner 
operating  times,  the  sensor  dwell  time  and  the  A/D  conversion  times.  'Anile  a 
Os -minute  time  •  nerval  Is  considered  feas-'ble,  it  s  desirable  to  incorporate 


some  design  safety  factor,  as  well  as  to  provide  for  expansion  (adding  more 
sensors).  Hence,  a  t\vo-minute  interval  (for  scanning  all  sensors  at  a  largest 
site)  is  realistic.  Relating  this  two-minute  interval,  then,  to  items  a,  b  and 
c  above  indicates  that  It  is  also  adequate  for  those  requirements.  That  is,  with 
a  total  scan  cycle  of  two  minutes,  the  average  time  to  detect  a  service  degradation 
or  change  of  state  will  be  one  minute.  Hence,  it  is  unlikely  that  a  user  com¬ 
plaint  will  be  received  prior  to  fault  detection.  Also,  adequate  time  will  be  avail¬ 
able  to  correct  the  problem  before  reporting  is  required  (based  on  reporting  after 
ten  minutes  of  outage)  and  adequate  measurements  are  obtained  (at  two-minute 
intervals)  for  trend  analysis.  Finally,  to  accomplish  scanning  at  a  rate  exceeding 
the  onee-per-two~minutes  would  require  additional  hardware  complexity  and 
quantity,  and  would  provide  no  real  gain  in  monitoring  performance. 

Where  the  processor  is  located  in  the  general  vicinity  (within  hardwire 
transmission  distance)  of  the  sensors  and  scanners,  the  collected  measurements 
can  be  connected  directly  to  the  processor.  However,  when  the  sensors  and 
scanners  are  located  remotely,  transmission  techniques  must  be  employed. 

This  facet  of  data  collection  is  covered  in  Section  XII,  Telemetry  Analysis. 

The  remote  sites  recommended  for  the  monitoring  of  status  information 
are  the  repeaters  and  HF  transmitter  and  receiver  sites  connected  to,  and  under 
the  operational  control  of,  the  ATEC  facility.  The  equipment  will  be  monitored 
at  these  sites,  and  the  parameter  measurements  sent  to  the  ATEC  facility  for 
threshold  detection  and  analysis  of  the  data.  All  fault  conditions,  detected  at 
the  ATEC  facility  for  equipment  at  a  manned  remote  site,  will  be  transmitted 
back  to  the  remote  site  for  printout  on  a  teletypewriter.  Threshold  detection 
must  be  performed  in  the  processor  because  the  parameter  measurements  do 
not  result  in  go  -  no  go  indications.  The  measurements  are  actual  variations 
of  the  parameter  values  over  the  range  of  normal,  degraded  and  failed  operation 
of  the  equipment. 

2. 1. 4. 1  Equipment/Link  Measurements 

The  majority  of  the  equipment/link  parameters  selected  require  the 
design  of  sensors  to  detect  the  parameter  variations.  Design  requirements  are 
investigated  in  detail  in  Section  Vin.  The  sensor  types  required  are  identified 
by  the  signals  they  will  monitor,  i.e. ,  DC,  AF  (audio  frequency),  RF  and  MW 
(microwave).  The  sensors  identified  as  existing  (in  Table  HT;  will  usually  be 
available  in  some  form  in  the  equipment,  but  in  come  cases  will  require  inter¬ 
facing  equipment.  In  certain  cases  sensing  is  act  feasible.  For  example,  some 
of  the  parameters  identified  as  candidates  for  data  modems  are  in  this  category, 
in  this  case,  the  V F  signal  level  (loss  of  carrier)  and  no  t: ansition  measurements 
accomplished  by  the  circuit  monitoring  equipment  will  suffice. 


Equipment/link  parameters  will  require  that  some  sensors  be  dedicated 
to  each  point  bairg  monitored,  because  low  level  and  high  fi  ,quency  signals  can¬ 
not  be  cabled  over  any  significant  distance  or  scanned  without  introducing  signifi¬ 
cant  attenuation  or  distortion. 

Within  the  ATEC  facility,  all  of  the  equipment/link  parameters  wul  be 
scanned  and  the  status  information  passed  to  a  processor  for  threshold  detection. 
The  alarm  information  (threshold  crossings)  are  then  analyzed  and  presented  to 
an  operator*  The  scanning  equipment  must  be  under  direct  control  of  the  pro¬ 
cessor  in  order  to  permit  complete  control  (i.e. ,  stop,  start,  homing  and  repeat). 

Equipment/link  monitoring  will  also  be  performed  at  remote  sites, 
which  are  under  the  operational  control  of  the  ATEC  facility.  The  status  informa¬ 
tion  obtained  at  the  remote  location  will  be  returned  by  telemetry,  via  the  speech 
plus  service  channel,  to  the  ATEC  facility  for  processing.  All  alarm  conditions 
will  then  be  returned  to  manned  remote  sites  by  the  return  transmission  path, 
and  printed  out  on  a  teletypewriter.  The  remote  scanning  will  also  1*  under  the 
control  of  the  ATEC  facility  processor.  The  circuit  used  to  return  status  infor¬ 
mation  to  the  remote  site  will  also  be  used  for  the  control  of  the  scanner.  The 
circuit  required  for  exchange  of  information  between  the  remote  site  and  the  pro¬ 
cessor  at  the  ATEC  facility  will  normally  be  a  full-duplex,  75  baud  teletypewriter 
channel. 

2. 1 . 4. 2  Circuit  Measurements 

The  in-service  circuit  monitoring  parameters  consist  of  two  types: 

(a)  those  that  involve  monitoring  of  the  actual  signals  on  the  circuit  and  (b)  those 
that  involve  monitoring  performance  alarms  which  are  included  in  equipments 
such  as  modems,  TDM  and  ED&C  equipment.  The  former  type  includes  signal 
level,  noise  level  and  total  distortion  measurement.  The  latter  type  includes 
no  transitions  bit  error  rate  or  synchronization.  Both  types  of  parameters  will 
be  measured  on  a  scan  basis.  Where  equipment  sensors  are  not  available  for 
detection  of  no  transitions,  the  equipments  employed  for  monitoring,  of  the  actual 
signal  on  the  circuit  will  detect  this  condition. 

VF  transmit  channel  measurements  will  be  accomplished  at  the  multi¬ 
plex  baseband  output  on  a  continuous  scan  basis.  These  measurements  will 
assess  the  quality  of  the  signals  leaving  the  ATEC  facility.  Adverse  signal 
characteristics  detected  will  be  further  isolated  to  the  ATEC  facility  equipment, 
or  to  the  signal  entering  the  facility,  automatically  by  other  circuit  monitoring 
locations  under  processor  control.  For  example,  if  the  circuit  is  from  a  local 
user,  the  send  line  from  the  user  will  he  automatically  selected  at  both  the 
primary  and  circuit  patch  facilities  simultaneously  by  a  monitor/test  bus,  and 


a  measurement  made  through  a  scanner.  If  the  signal  characteristics  are  de¬ 
graded  at  the  primary  patch,  an  operator  will  be  advised.  The  user  may  then  be 
notified  of  the  condition.  If  the  user  signal  is  acceptable  at  this  point,  a  problem 
exists  in  the  line  conditioning  equipment  or  VF  channel  multiplex  within  the  A  TEC 
facility,  and  an  appropriate  indication  will  oe  provided  to  the  operator.  The 
measurement  made  at  the  circuit  patch  will  further  isolate  the  problem  to  either 
the  line  conditioning  equipment  or  the  VF  channel  multiplex  equipment.  Through 
circuits,  demultiplexed  to  the  VF  channel  level,  will  also  be  checked  as  just  de¬ 
scribed.  However,  it  the  through  circuit  is  demultiplexed  only  to  the  group  or 
supergroup  level,  the  VF  channel  will  be  measured  (under  processor  command) 
at  the  receive  multiplex  baseband  (the  point  where  the  signal  eaters  the  facility). 

In  this  case,  then,  by  employing  continue  us  scan  monitoring  at  the  transmit  base¬ 
band,  and  making  measurement  on  command  at  the  receive  baseband,  a  detected 
fault  can  be  isolated  to  either  in-station  or  out-of-station. 

Similarly,  continuous  scan  monitoring  will  be  accomplished  at  the  VF 
channel  and  DC  circuit  break-outs,  or  drops,  to  the  users  (outgoing  channels 
relative  to  the  ATEC  facility).  Detection  of  degradation  at  these  points  will  re¬ 
sult  in  automatic  selection,  by  the  processor,  of  the  corresponding  VF  channel 
at  the  multiplex  baseband.  The  result  of  the  measurement  at  this  point  will  iso¬ 
late  the  fault  as  being  either  within  the  ATEC  facility  (between  user  drop  and 
multiplex  baseband)  or  external  to  the  ATEC  facility.  When  VFCT  equipment 
exists  at  the  ATEC  facility,  the  send  composite  VF  signals  will  be  continually 
scanned,  converted  back  to  DC  signals,  and  each  digital  transmit  signal  scanned 
and  monitored  for  total  peak  distortion;  thus  any  faults  within  the  VFCT  equipment 
will  be  detected.  Also,  the  processor  will  automatically  select  the  receive  com¬ 
posite  VF  signals  for  fault  isolation  where  a  fault  has  already  been  detected  on  the 
DC  circuit  of  the  user  drop  (user  receive  line).  If  the  ATEC  facility  VFC1  moni¬ 
toring  equipment  is  compatible  with  the  user  VFCT  equipment,  the  user  send 
lines  containing  VFCT  composite  signals  can  also  be  monitored. 

Circuit  status  Information  is  available  at  automatic  message  sw aching 
and  circuit  switching  facilities,  such  as  those  within  the  AUTODIN  and  AUTO  VON. 
The  AUTODIN  facility  obtains  status  information  via  program  error  detection 
capabilities  within  the  message  switching  processor.  This  status  information 
relative  to  the  AUTODIN  high  speed  data  circuits  is  significant.  The  information 
available  is  applicable  to  both  user  circuits  and  trunks  between  Automatic  Digital 
Message  Switching  Centers  (ADMSC’s)  serviced  by  the  ATEC  facility.  Where  the 
AUTODIN  ADMSC  is  not  connected  to  tbs  ATEC  facility,  but  high  speed  daia 
use  -s  of  AUTODIN  are  connected,  information  can  be  obtained  directly  from 
the  .ser  for  the  circuits  serviced  bj-  the  ATEC  facility. 


The  AUTO  VON  facilities  have  an  inter-switch  routiner  which  auto¬ 
matically  tests  the  trunks  between  AUTO  VON  facilities.  At  an  A  TEC  facility 
where  the  AUTOVON  is  a  connected  user,  information  regarding  the  trunk  status 
will  assist  ATEC  in  maintaining  performance  status  and  in  responding  to  problems 
detected  by  these  AUTOVON  teats. 

\ 

Both  the  AUTODIN  and  AUTOVON  switch  information  will  be  of  value 
to  as  ATEC  facility.  Initially,  only  manuaht^ansfer  of  this  information  will  be 
justified,  to  obtain  a  measure  of  its  true  value  the  ATEC  operation  and  to 
determine  the  reaction  requirements  at  the  ATEC  facility.  Ultimately,  it  is 
anticipated  that  this  information  in  real-time  will  prove  valuable  to  the  ATEC 
facility,  and  that  the  required  programming  and  interfaebxmcdifications  of  the 
AUTODIN  and  AUTOVON  facilities  will  be  justified. 

2.1.5  Information  Processing 

All  of  the  status  (parameter  measurement)  information  obtained  from 
equipment  sensors  and  circuit  measurements  must  be  analyzed  to  determine 
whether  the  parameter  reading  is  indicated  as  a  normal  or  a  degraded  condition. 
This  could  be  accomplished  by  operators,  but  when  hundreds  or  even  thousands 
of  measurements  are  being  made  every  few  minutes,  it  becomes  an  impracticable 
task  for  humans.  The  information  must  be  analyzed  for  detecting  predetermined 
threshold  crossings,  making  trend  predictions  and  isolating  faults  by  coirelation 
with  other  information  associated  with  the  same  equipment  and  circuits.  In 
addition  to  the  information  analysis,  records  must  be  maintained  on  all  failures 
and  corrective  actions  performed  at  the  TCF.  This  analysis  and  processing  of 
the  parameter  measurements  is  accomplished  by  a  software  programmable  pro¬ 
cessor.  The  functions  to  be  accomplished  and  the  means  of  accomplishing  them 
are  contained  in  the  immediately  following  text  and  in  Section  IV,  X  and  XV. 

2.1.  5. 1  Threshold  Detect’on 

Three  conditions  have  been  defined  to  depict  the  operational  status  of 
the  equipment/links  and  circuits.  These  status  conditions  are  referred  to  by 
color,  for  distinction.  Green  represents  the  normal  condition  where  the  param¬ 
eter  being  measured  is  within  the  operational  and/or  design  standard  value  for 
the  equipment  or  circuit.  Amber  represents  an  abnormal  condition  where  the 
parameter  being  measured  is  degraded  and  below  the  operational  and/or  design 
standard  value.  When  the  Amber  condition  exists,  user  service  may  not  be 
impaired,  but  a  continuation  of  deg  it  da  ti  on  will  eventually  affect  user  service. 

Eed  ^presents  an  inoperative  condition  where  the  parameter  being  measured 
„-dicates  a  failure  of  the  equipment  and/or  circuit.  In  tins  case  user  service 


has  been  interrupted  or  service  has  degraded  to  an  unusable  efcate. 

Green  will  be  understood  in  the  absence  of  Amber  and  Red(  and  the 
Green  condition  will  not  be  displayed.  If  an  operator  wants  an  actual  parameter 
measurement  value 3  it  can  oe  obtained  by  request  and  identification  of  the  sensor 
for  which  the  reading  is  required.  Actual  parameter  measurements  will  be 
obtainable  from  any  sensor  monitoring  other  than  a  binary  condition.  Normally, 
the  operator  will  take  action  as  a  result  of  an  alarm  indication,  and  only  in 
special  cases  will  he  require  the  actual  parameter  measurement.  Actual  measure¬ 
ment  values  will  most  often  provide  assistance  to  maintenance  personnel,  and  will 
be  available  to  them  as  required. 

An  Amber  and  a  Red  threshold  value  are  required  for  each  pa  rameter 
to  be  measured.  These  threshold  values  will  be  maintained  in  processor  memory, 
since  each  measurement  is  compared  with  an  established  threshold  crossing  value. 
When  a  parameter  measurement  indicates  that  a  threshold  has  been  crossed,  that 
measurement  is  stored  for  further  use.  The  threshold  values,  stored  in  the  pro¬ 
cessor,  can  be  changed  as  required  by  authorized  personnel.  Such  parameter 
changes  will  automatically  be  recorded  on  the  Master  Station  Log. 

2 . 1 . 5. 2  Trend  Analysis 

Trend  analysis  will  be  performed  for  aLl  measurements  of  a  specific 
parameter  once  its  value  has  crossed  the  Amber  threshold.  The  trend  is  a  basis 
for  a  prediction  of  when  the  Red  threshold  will  be  crossed.  Trend  predictions 
will  be  used  to  establish  maintenance  priorities,  as  well  as  to  provide  informa¬ 
tion  required  for  a  planned  maintenance  period.  The  information  developed 
through  trend  analysis  should  be  used  to  adjust  the  maintenance  cycles  to  actual 
requirements. 

As  indicated,  trend  predictions  will  be  performed  by  the  processor 
analyzing  the  variations  of  the  parameter  level  in  the  Amber  range.  A  minimum 
of  two  threshold  crossings  are  required  to  make  the  trend  prediction.  As  long 
as  each  consecutive  intermediate  threshold  crossing  is  approaching  the  Red 
threshold,  the  last  two  intermediate  thresholds  can  be  used  to  predict  the  time 
of  failure.  If  the  trend  turns  and  the  parameter  value  starts  to  return  toward 
the  initial  Amber  threshold  value,  a  failure  prediction  cannot  be  made  by  using 
the  last  two  thresholds,  in  the  latter  case  the  Amber  threshold  may  be  used  as 
a  reference  point,  so  predictions  can  be  made  when  the  trend  is  an  improvement. 


2. 1. 5, 3  Status  Correlation  and  Analysis 

Status  correlation  and  analysis  is  the  processor  function  which  associ¬ 
ates  interacting  sensor  data  to  logically  assess  circuit,  equipment  and  link 
problems  in  terms  most  useful  and  significant  to  the  operators.  In  its  simplest 
form,  it  is  effected,  as  described  earlier,  in  circuit  fault  location  through  cor¬ 
relation  of  measurements  taken  at  various  equipment  appearances  throughout 
the  station,  to  determine  whether  a  fault  is  located  in  the  station,;  and  if  so  in 
what  equipment  area.  Fundamentally,  a  number  of  requirements  have  emanated 
from  the  combined  equipment,  link,  circuit  and  system  performance  studies. 

A  few  of  the  more  important  requirements  justifying  the  need  for  correlation 
and  analysis  of  status  information  are: 

•  P.eduction  of  operator  confusion  and  fatigue 

o  Immediate  availability  of  information  delineating  the  extent  of  the 
outage;  e.g. ,  quantity,  types  of  circuits  affected  by  the  failure,  etc. 

©  Restoration  priorities 

©  Retrieval  capability  of  circuit  and  equipment  information  for  subse¬ 
quent  restorai  action 

Examples  of  status  correlation  and  analysis  include  recognition  of  the 
effect  of  group  failures  in  terms  of  circuit  alarms  (downward  correlation)  and 
recognition  of  groups  of  circuit  alarms  (upward  correlation)  in  terms  of  group 
equipment  or  link  failures.  In.  the  more  complicated  problems,  the  importance 
oi  processor  correlation  is  exemplified  by  the  fact  that  the  operators  must,  in 
each  case,  be  provided  alarm  information  at  the  cause  rather  than  the  symptom 
level. 

While  the  larger  scale  correlative  actions  may  be  programmed  in  a 
modular  fashion,  the  specifics  for  a  given  station  will,  to  a  large  extent,  be 
dependent  upon  the  equipment  configuration  of  a  given  station  and  the  failure  and 
degradation  modes  of  that  configuration. 

Examples  of  correlative  processing  modules  are  those  necesaarv  to: 

a.  Evaluate  circuit  and  channel  1  lures  In  the  event  of  LOS,  tropo 
or  HF  link  propagation  problems. 

b.  Evaluate  circuit  and  channel  failures  ir.  die  event  of  LOS  or  tropo 
link  equipment  problems. 


c.  Evaluate  circuit  and  channel  failures  in  the  event  of  supergroup  or 
group  multiplex  equipment  problems. 

d.  Evaluate  groups  of  channel  or  circuit  problems  in  terms  of  group 
equipments  which  could  be  causative. 

It  should  be  noted  that  a,  b  and  c  produce  somewhat  similar  symptoms 
of  circuit  and  channel  problems.  One  of  the  functions  of  the  correlative  processing 
will  be  not  only  to  suppress  the  resultant  circuit  alarms,  but  to  provide  the  operator 
with  the  correct  cause  of  the  overall  problem. 

From  the  foregoing,  it  can  be  seen  that  the  processor  must  provide,  to 
the  operator,  indications  of  problems  in  a  known  hierarchy.  Circuit  and  channel 
problems  constitute  the  basic  level  of  precedence.  The  next  higher  level  will  be 
that  of  link  problems.  An  indication  of  a  link  problem  will  be  presented  to  the 
ATEC  operator,  by  the  processor,  and  will  be  followed  by  the  circuits  that  will 
be,  or  are  being,  affected  by  the  link  problem.  The  highest  level  of  indication 
will  be  that  oi  equipment  problems.  Equipment  problems  may  or  may  not 
affect  Jink  performance,  depending  upon  just  what  equipment  has  failed  or 
degraded  in  performance,  but  in  most  cases  it  will  affect  circuits.  Therefore, 
the  hierarchical  precedence  will  have  equipment  failures  or  degraded  performance 
indicated,  by  the  processor,  when  they  occur  followed  by  link  affected  (if  any) 
and  circuits  affected.  An  indication  of  link  failure  or  performance  degradation 
(without  an  equipment  indication),  such  as  noted  above  for  link  propagation 
problems,  will  be  presented  to  the  operator,  by  the  proc*.  sscr,  followed  by  the 
associated  circuits  that  may  be,  or  will  be,  affected.  I  le  operator  can  then 
concentrate  on  link  restoration  and  any  necessary  rerouting  that  may  be  required, 
without  concern  for  equipment  substitution.  The  Amber  or  Red  indication  of 
circuit  performance  will  be  suppressed  when  there  is  an  associated  indication 
of  equipment  and/or  link  failure  or  degraded  performance.  The  association 
between  circuits,  links  and  equipment  must  therefore  be  known,  at  all  times, 
to  the  processor  in  order  to  present  the  point  of  the  problem  rather  than  the 
symptom. 
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2.2  Restoral  and  Rerouting 


2.2.1  General 


The  restoration  and  rerouting  functions  are  a  natural  continuation  of  fee 
monitoring  and  testing  function?  described  earlier.  That  is,  the  actions  os  restoring 
and  rerouting  generally  result  /from  detection  of  a  degradation  or  failure  by  fee 
monitoring  and  testing  functions. 

Accomplishment  of  restoral  and  rerouting  is  the  result  of  fee  periortcance 
of  numerous  individual  decisions  and  actions  in  an  orderly  sequence.  Atfeo-uga  this 
sequence  may  vary,  depending  upon  the  actual  circumstances,  it  gens  rally  melodies 
fee  majority  of  the  following  items  performed  In  approximately  fee  or  ter  indscatee: 

a.  Recognition  of  degradation  or  failure  and  of  need  or  desire  to  rerocte 

b.  Validation  of  degradation  or  failure 

c.  Coordination  relative  to  degradation  or  failure 

d.  Determination  of  capability  for  restored  or  reroute 

e.  Accomplishment  of  restoral  or  reroute 

f.  Diagnosis  of  fault  (legalisation  and  isolation) 

g.  Repair  of  failed  or  degraded  ''unit"  — 

h.  Verification  of  acceptability  of  repaired  unit 

i.  Return  to  original  configuration  if  required 

Rerouting  may  also  be  accomplished  for  other  purposes,  such  as  (a)  freeing 
a  chmnel  from  service  to  permit  out-of-service  testing,  (b)  obtaining  improved 
performance  or  another  category  of  service  os  a  teropory  basis,  and  (c)  establishing 
cn-call  or  temporary  circuits. 


The  ATEC  system  will  provide  an  improved  capability  for  fee  restoral  ce 
degraded  or  failed  service.  Where  the  degradation  is  in-station  and  is  caused  by  ~ 
drift  in  some  characteristic  of  an  equipment,  such  as  the  gain  of  an  amplifier,  a 
will  be  possible,  because  of  the  trend  analysis  capability,  to  identify  and  ic  make  a 
readjustment  on  an  in-service  basis  without  interr.mting  traffic.  Woes  ser-tce  m_=r 
be  interrupted  for  restoration,  ATEC  will  make  recommendations  regarding  fee- 
use  of  spares  or  preemption  of  equipment  normally  providing  a  lower 


Changes  in  interconnections  will  be  facilitated  by  fee  use  of  aa: 
facilities  within  fee  ATEC  facilitv.  Four  trees  of  csatchfe?  — *11  be  or; 


cuaa?rn&fr 


r: 


*  Group 

*  Circuit  (i.e. ,  equal  level) 

*  DC 

«  Primary 

After  completion  of  restoral  or  rerouting,  monitoring  and  testing  will  again 
be  resumed  in  order  to  verify  the  restoral  or  reroute. 

The  general  location  of  the  fault,  i.e. ,  within  the  confines  of  the  ATEC 
facility's  jurisdiction  or  external  to  it,  may  be  obvious  or  it  may  be  obscure.  It  is 
the  intent  of  the  ATEC  facility  design  to  minimize  this  obscurity.  Upon  localization 
of  the  fault,  restoral  action  must  be  initiated.  However,  such  action  can  be  under¬ 
taken  by  the  ATEC  facility  operator  only  for  cases  where  the  fault  is  not  of  an 
external  nature;  otherwise ,  it  is  only  logged  and  turned  over  to  the  appropriate 
facility. 

Restoral  action  will  generally  consist  on  one  of  the  following: 

a.  Substitute  spare 

b .  Reroute 

c.  Preempt 

d.  Change  RF  frequency 

e .  Align  or  adjust 

If.  Condition  or  recondition 

g.  Repair 

Only  e.  (Align  or  adjust)  can  be  accomplished  without  service  interruption. 

In  general,  the  first  four  types  of  restoral  action  will  normally  be  accomplished  in 
accordance  with  certain  pre-plans  or  SOP’s.  That  is,  certain  spare  channels  and 
certain  spare  equipments  are  normally  designated  as  spares  for  certain  other 
operational  channels  and  equipments  (on  a  priority  basis).  Likewise,  certain 
designated  reroutes  and  preen, ts  will  be  permissible,  and  certain  designated  HF 
frequencies  will  be  available  a,i  alternates  on  a  scheduled  basis.  All  of  the  informa¬ 
tion  regarding  these  specifics  nu  »t  be  available  in  stored  form  for  presentation 
(display)  to  the  operator. 

The  approach,  then,  to  accommodating  the  restoral  and  reroute  functions 
within  the  ATEC  facility  is  to  provide  status  monitoring  positions  equipped  with  the 
"tools"  required  to  facilitate  these  functions.  A  CRT  display  will  provide  access  to 
preplanned  restoral  information  and  to  information  indicating  usage  or  availability, 
as  well  as  status  of  restoral  facilities.  In  fact,  even  step-by-step  procedures  can  be 
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displayed.  As  a  separate  entity,  the  required  patching  (manual)  or  switching  (auto¬ 
mated)  must  be  provided,  and  must  be  controllable  by  console  operators. 

2. 2. 1.1  Automated  Patching 

Restoral  actions  which  involve  substituion  of  spare  equipments  or 
rerouting  via  spare  channels  or  via  preempting  in-use  channels  of  lower  priority 
require  the  employment  of  patching  and/or  switching.  Also,  establishing  on-call 
patches  or  emergency  circuits,  as  well  as  rerouting  for  purposes  other  than  restoral, 
require  patching  and/or  switching.  Referring  to  Figure  2,  sheet  1,  of  Section  IV, 
patching  is  generally  provided  at  the  points  indicated.  A  primary  consideration  of 
ATEC  was  to  automate  this  patching  function  or  to  implement  semiautomatic 
(manually  controlled)  cordless  patching.  The  advantages  to  be  gained  by  such  an 
approach  include  speed  (reduction  in  patching  time),  accuracy  (reduction  in  human 
error),  improved  performance  (use  of  sealed  switch  contacts  vs.  exposed  patch  jack 
contacts,  subject  to  contamination),  and  more  efficient  operation  (fewer  personnel 
required  and  more  centralized  operation) .  Still  another  advantage  is  the  capability 
for  automated  record  keeping  of  patching  status.  This  advantage  is  inherent  in  a 
processor-controlled  switching  system . 

2. 2. 1.2  Manual  Patching 

The  aut .  nated  patching  concepts  considered  above  were  found  to  be  quite 
costly  (equipment  and  space).  An  effective  approach  to  automated  patching  must 
employ  only  a  limited  amount  of  switching,  and  must  include  manual  patching  to 
obtain  the  required  flexibility  and  provide  for  total  capacity.  In  addition,  manual 
patching  must  be  provided  to  afford  emergency  manual  back-up  in  the  event  of 
failui'e  of  the  automated  switching. 

The  major  shortcoming  of  the  conventional  manual  patch  panel  has  been 
its  contribution  to  the  degradation  of  circuit  quality.  That  is,  the  many  contacts 
(normal-through  connections)  that  are  present  in  a  long-haul  circuit  become  dirty, 
corroded  or  contaminated,  and  offer  a  large  number  of  contact  resistances,  each 
serving  as  a  separate  noise  generator.  All  of  these  noise  generators,  effectively 
connected  in  series,  can  contribute  significantly  to  the  total  noise  on  a  circuit.  The 
solution  to  this  problem  is  to  provide  patch  panels  with  normal-  through  contacts 
sealed  in  a  controlled  atmosphere,  i.e. ,  sealed  reed  relay  units.  To  satisfy  this 
requirement,  it  is  recommended  that  all  existing  patch  panels  be  replaced  with  new 
patch  panels  that  do  not  have  any  exposed  or  unprotected  contacts  within  the  com¬ 
munications  signal  path. 

It  is  also  recommended  that  these  patch  panels  be  designed  so  that  auto¬ 
mated  patching  can  be  added  at  any  future  data  (see  paragraph  3. 2  of  Section  IV  for 
additional  detailes).  This  design  should  permit  the  connection  of  switching  to  the 
jack  sets  on  an  individual  circuit  basis  (allowing  selection  of  specific  circuits  to  be 


provided  with  switching) ,  and  should  not  interrupt  or  otherwise  affect  the  circuits 
so  connected.  In  line  with  this  approach,  it  is  recommended  that  an  indicator  la  np 
be  associated  with  each  jack  set  to  provide  an  indication  when  that  particular  appear¬ 
ance  is  switched/patched.  Such  indicators  are  required  for  two  reasons:  first,  they 
provide  an  indication  to  any  operator  that  the  appearance  in  question  is  in  fact 
switched,  thereby  precluding  attempted  manual  patching  of  that  appearance;  second, 
they  provide  a  quick  visual  indication  of  the  abnormal  circuits,  or  switching, 
currently  in  effect.  The  latter  use  provides  a  "picture"  of  patching  status. 

Also  in  concert  with  the  above  approach  is  a  requirement  for  patch  cord 
scanning.  That  is,  where  a  patch  has  been  manually  accomplished  (via  patch  cord), 
it  is  necessary  that  the  ATEC  processor  be  made  aware  that  such  a  patch  actually 
exists.  This  information  (identity  of  required  patch)  will  be  keyed  into  the  processor 
by  the  operator  accomplishing  restoration  via  switching/patehing.  The  processor 
must  then  scan  the  jack  set  to  ensure  that  no  patch  already  exi  ts  at  that  appearance, 
and  must  eventually  verify  (via  repeated  scanning)  that  the  manual  patch  was  installed, 
and  that  it  was  installed  as  directed.  Hence,  manual  patching  operator  errors  will 
be  detected.  A  similar  function  must  be  provided  for  patches  that  were  accomplished 
via  switching  action  under  processor  control.  However,  here  the  instruction  will 
be  keyed  into  the  processor  and,  upon  switching  verification,  will  be  recorded  until 
the  patch  is  removed  by  another  switching  action.  It  should  be  noted  that  a  specific 
requirement  of  the  switching  subsystem  is  a  verification  signal  from  the  switch  that 
the  addressed  connection  has  actually  been  accomplished.  The  combination  of 
processor  record  keeping  and  patch  cord  scanning  will  provide  the  above  required 
capability s ,  it  will  also  provide  the  capability  of  reading  out  the  real-time  patching 
status  to  both  the  CRT  display  and  the  page  printer,  upon  operator  request. 

2.3  Quality  Control 

Another  function  in  the  ATEC  system  will  be  quality  control.  This  function 
will  perform  frequent  quality  checks  on  spare  channels,  circuits,  links  and  equipment 
to  confirm  their  availability  for  substitute  use.  It  will  also,  on  a  regularly  scheduled 
basis,  perform  detailed  out-of -service  tests  on  each  active  channel;,  circuit,  link 
and  equipment.  The  function  will  also  perform  acceptance  testing  of  new  and 
repaired  equipment,  and  also  of  circuits  ready  for  activation,  prior  to  their  incor¬ 
poration  into  the  active  communication  system . 

The  quality  control  function  involves  the  performance  of  tests  in  an  orderly 
manner  and  in  accordance  with  some  schedule  or  some  more  immediate  need,  e.g. , 
in  support  of  status  monitoring  relative  to  isolation  of  a  particular  fault.  With  the 
aid  of  test  procedures  and  test  equipments,  the  quality  control  function  musi  perform 
the  following  set  of  actions:  (a)  access  of  the  circuit  or  equipment  to  be  tested  and 
connection  of  the  test  equipment  as  required,  (b)  performance  of  measurements  in 
accordance  with  the  test  procedure ,  (c)  orderly  collection  of  results  of  these 
measurements,  (d)  association,  analysis  and  evaluation  of  these  results,  (e) 


presentation  of  results,  (f)  acquisition  of  additional  relevant  data,  if  required,  (g) 
decisions  based  upon  these  results  and  data,  and  (h)  initiation  of  action  as  a  result 
of  these  decisions.  Items  (c)  through  (h)  are  found  to  be  identical  with  items  {e) 
through  (h)  for  Fault  Detection  and  Isolation  (subparagraph  2. 1),  Hence,  these  two 
areas  (fault  detection  and  quality  control)  are  similar  with  respect  to  the  action 
required  and  capability  provided. 
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2.4  Record  Keeping  ;!nd  Reporting 

> 

The  ATEC  will  provide  automation  tor  record  keeping  and  reporting.  Each 
significant  event  in  an  ATEC  facility  w!ll  fcs  recorded  in  an  activities  log  as  a 
chronological  printout,  and  will  be  entered  into  a  magnetic  tape  unit  to  form  a 
historical  record  which  can  be  used  for  subs,  uent  analysis.  Information  relating 
’  to  an  event  may  enter  the  data  processor  as  a  vsult  of  routine  monitoring  of  circuits, 

equipments  and  links  through  automated  fault  isol.  c  >n,  or  by  manual  entry  by  an 
ATEC  facility  controller.  The  historical  data  can  extracted  by  the  controller 
for  on-site  analysis  of  recent  (such  as  same  day)  problems  and  trends;  mainly, 

,  however,  the  magnetic  tape  reels  A'ill  be  forwarded  to  a  central  location  for  detailed 

analysis  by  an  off-line  data  processor. 

* 

The  ATEC  facility  processor  will  use  the  status  data  which  is  constantly  being 
entered  into  it  to  compose  automatically  as  much  as  possible  of  the  formatted  portions 
of  reports  to  O&M  agency  and  DCA  Operations  Control  CompU  x  (DOCC)  elements 
immediately  superior  to  the  ATEC  facility.  Just  prior  lo  the  scheduled  transmission 
time  for  either  type  of  report,  the  processor  will  present  the  report  on  a  CRT  for 
review,  editing,  revision  and  entry  of  data  which  is  not  available  in  the  processing 
subsystem.  Upon  release  by  the  operator,  the  report  will  be  automatically  trans¬ 
mitted  from  the  ATEC  facility.  These  reports  will  contain  information  on  any 
other  sites  for  which  the  ATEC  facility  has  reporting  responsibility,  derived  from 
inputs  supplied  by  these  other  sites. 

The  ATEC  facility  processor  will  maintain,  in  its  dynamic  data  base,  informa¬ 
tion  of  the  type  which  is  normally  recorded  manually  into  various  records  and 
forms  by  Technical  Controllers.  The  forms  of  particular  interest,  as  listed  in 
Volume  2,  Chapter  11,  of  DCAC  310-70-1  are: 

a  Trouble  and  Restoration  Record  (DD  Form  1443) 

a  Analysis  of  Channel  Operation  Form  (DD  Form  1440) 

«  Wideband  Outage  Record  (DD  Form  1698) 

a  Technical  Control  Communica  ions  Work  Order  (DD  Form  1445) 
a  Record  of  Frequency  Change!*  (DD  Form  1444) 
a  Conference  Record  (DD  Form  1442) 
a  Trunk  Channelization  Record  (*.  0  i-  -m  1699) 

9  Master  Clock  Log  (DTJ  Form  1700) 
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By  extracting  pertinent  information  from  the  data  base,  the  processor  can 
produce  3  printout  of  the  equivalent  (if  not  an  exact  duplicate)  of  -»ny  of  these  forms, 
either  on  schedule  or  on  operator  request. 

Record  keeping  is  a  basic  function  required  to  be  performed  in  ..ny  separate 
operational  entity  where  personnel,  equipments  or  services  are  involved.  Records 
of  activities,  indications  of  personnel  and  equipment  performance,  and  the  services 
provided  ?re  required  by  supervisors  as  well  as  higher-level  management.  These 
reccras  consist  chiefly  of  the  basic  information  used  in  the  performance  of  functions 
and  tasks  necessary  to  the  mission;  they  are  not  items,  of  information  that  must  be 
purposefully  obtained  by  personnel  for  reports  only.  The  generation  of  formal 
reports  is  merely  the  compilation  of  static  data  base  and  dynamic  status  information 
which  has  been  previously  stored  in  the  processing  subsystem,  and  an  automatic 
request  and  acceptance  of  information  rrom  a  Central  Control  position  for  items 
not  available  in  storage. 

2.4.1  Record  Keeping 

Record  keeping  in  a  Technical  Control  facility  of  the  DCS  is  a  basic  function 
which  Is  considered  mandatory.  The  record  information  concurs:  (a)  dynamic 
communication  configurations,  (b)  cuirent  status  of  equipments  and  communications 
service,  (c)  communication  performance  as  related  to  immediate  trends.,  (d)  possible 
actions  to  include  preplanned  reroutes,  and  (e)  related  corrective  action  and  support 
information.  This  basic  information  is  necessary  to  the  Technical  Control  operator 
in  order  to  make  the  appropriate  decisions.  In  the  ATEC  facility,  it  is  the  intent 
to  automate  record  keeping  furotions.  It  must  be  realized  that  the  reecrd  keeping 
function  for  an  ATEC  facility  cannot  be  completely  automated  so  long  as  humans 
are  Involved  in  the  monitoring  evaluations  and  in  the  actions  to  be  taken.  Technical 
Control  ope  utors  will  be  required  to  provide  supplemental  information  and  changes, 
and  in  some  cases  originate  complete  records. 

The  record  keeping  function  of  an  ATEC  facility  concerns  the  following  major 
categories  of  Informal  .on,  with  possible  breakdowns  for  processing  purposes  as 
indicated: 

,  Static  Data  Base 

Configuration  listings  with  identifications  (DCS  Directory  and  similar 

non- DCS  li  tings)  for: 

-  User  circuits  (segment-by-segment,  through  faciiitites,  end-to-end, 
send  aid  receive) 

-  Preplanned  reroutes  (segment-by-segment,  through  facilities,  end- 
to-end,  send  and  receive) 


-  Through  circuits  (segment-by- segment,  through  facilities  f>r:  local 
station  responsibility,  region,  area  or  end-to-end,  as  appropriate) 

”  Tranks  (send  and  receive) 


ttJti  \ 


Channels  (send  and  receive) 

-  Links  (send  and  receive) 

Supergroups  (send  and  receive) 

Groups  (send  and  receive) 

Channels  (send  and  receive) 

-  Stations  (connectivity)* 

-  Equipments  (connectivity)* 

Detailed  technical  information  on  each  circuit  (equipment  type,  bandwidth, 
conditioning,  standard  or  normal  noise  and  signal  levels  and  phase  delay) 

fftafinn  fronnpnr'u  t*  renforv 

9  Dynamic  Data  Base 

Identifications  plus  dynamic  status  postings  and  other  transactions  to 
include  loading,  maintenance  condition,  etc.,  of: 

-  Communications  (DCS  and  non-DCS  identifications) 

User  circuits  (direct  responsibility) 

Sensor  #1  (parameter  identification  and  value  ranges  for 
Green,  Amber,  and  Red  conditions) 

Sensor  #2,  etc. 

Through  circuits 

Sensor  #1  (parameter  identification  and  value  ranges  for  Green, 
Amber  and  Red  conditions) 

*  NOTE:  Connectivity  date  will  also  be  dynamic  in  the  sense  that  it  will  change  on 
a  temporary  basis  as  a  result  of  patching  and  switching  actions. 


49 


mmmmm 


Sensor  #1  (parameter  identification  and  value  ranges  for  Green, 
Amber  and  Red  conditions) 

Sensor  #2,  etc. 

-  Connectivity 

Unplanned  rerouted  (configuration  used)  listings 

In  addition  to  the  static  and  dynamic  data  bass  information  involved  in  record 
keeping  by  the  processing  subsystem,  some  printouts  *vill  include  items  of  infor¬ 
mation  presently  maintained  manually  by  Technical  Control  personnel  on  designated 
kgs  and  forms.  These  logs  and  forms  are  described  in  Volume  2,  Chapter  11,  of 
DO  AC  310-70-1.  The  presently  used  manual  logs  and  forms  as  required  by 
DCAC  310-70-1  are: 

a  Master  Station  Log 

e  Trouble  and  Restoration  Record  (DD  Form  1443) 


< 
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Analysis  of  Channel  Operation  Form  {DD  Form  1440) 

Wideband  Outage  Record  (DD  Form  1698) 
o  Technical  Control  Communications  Work  Order  (DD  Form  1445) 

•  Record  of  Frequency  Changes  (DD  Form  1444) 

9  Conference  Record  (DD  Form  1442) 

•  Circuit  Data  (DD  Form  1441) 

•  Trunk  Layout  Record  (TLR)(DCA  Form  155) 

•  Circuit  Layout  Record  (CLR)(DCA  Form  138) 
c  Trank  Channelization  Record  (DD  Form  1699) 
e  Master  Clock  Log  (DD  Form  1790) 


Much  of  the  same  information  as  presently  maintained  manually  on  the 
above-listed  logs  and  forms  will  be  included  in  the  data  base  of  the  processing 
subsystem.  Communication  status  and  related  semiautomatic  Technical  Control 
actions  are  to  be  posted  (in  most  cases  automatically,  and  in  other  cases 
semiautomatically)  against  identifications  of  communications  and  equipments 
in  the  data  base  of  the  processing  subsystem.  Therefore,  the  equivalent 
information  of  the  Trouble  and  Restoration  Record  (DD  Form  1443)  will  be  kept 
internal  to  the  processing  subsystem  for  "open"  events.  As  a  result,  the 
Trouble  and  Restoration  Record  (DD  Form  1443)  equivalent  can  be  printed  out 
automatically  when  each  outage  event  is  "closed",  or  partial  displays/printouts 
of  this  record  can  be  made  upon  request  of  the  operator  prior  to  "close-out"  of 
reportable  and  nonreportable  events.  These  printouts  of  the  Trouble  and  Restora¬ 
tion  Record  (DD  Form  1443)  equivalent  can  be  used  by  Technical  Control  personnel 
to  make  up  a  file  of  events  for  the  station,  for  each  radio  day,  for  manual  analysis 
purposes.  If  the  equivalent  of  the  Analysis  of  Charnel  Operation  Form  (DD  Form 
1440)  is  required  of  the  processing  subsystem,  it  must  maintain  a  cumulative 
record  of  all  outages,  reasons  for  outages,  and  related  actions  taken  for  a  24 
hour  period  of  time. 


The  Wideband  Outage  Record  (DD  Form  1698)  may  be  used  in  lieu  of  the 
Trouble  and  Restoration  Record  at  wideband  locations.  For  record  keeping 
purposes  no  distinction  is  made  herein. 
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Any  form  equivalents  initially  produced  by  the  processing  subsystem 
which  require  operator  inputs  are  to  be  displayed  on  the  CRT  at  the  appropriate 
operating  position.  The  outputs  of  these  forms  will  be  queued  in  relative  priority 
with  other  information  for  the  operator's  attention.  The  operator  at  that  position 
can  then  enter  information  into  the  form  and  re-enter  the  complete  or  partial 
information,  as  appropriate,  into  the  processing  subsystem  for  printout  of  the 
completed  form. 

Activities  logs  w'll  have  to  be  mairtained  at  each  Technical  Control 
operating  position.  The  activities  log  for  the  Central  Control  position  will  be 
termed  the  Master  Station  Log.  It  is  expected  that  the  Master  Station  Log  will 
contain  the  significant  items  of  infor  mation  also  contained  in  each  of  the  other 
operating  positions'  logs,  as  well  as  other  entries  made  by  <he  Central  Technical 
Controller.  Entries  into  the  activities  logs,  including  the  Master  Station  Log. 
will  be  made  by  the  processing  subsystem  and  by  the  individual  operators.  Entries 
made  manually  by  operators  are  to  be  simultaneously  entered  into  the  processing 
subsystem  as  well  as  into  the  activities  logs.  In  this  way  the  processing  subsystem 
can  update  the  Master  Station  Log. 

The  Technical  Control  Communications  Work  Order  (DD  Form  1445) 
equivalent  is  to  be  initiated  by  the  processing  subsystem  each  time  a  fault  is 
automatically  isolated  to  equipments  at  the  central  station  or  remote  sites  under  the 
central  station's  responsibility.  The  operator  can  initiate  the  display  of  this 
form's  equivalent  for  conditions  known  to  the  operator  through  testing,  or  other 
means,  and  not  isolated  as  a  result  of  the  automatic  monitoring  function  in  the 
processing  subsystem.  After  display,  he  can  enter  the  required  information  via 
his  CRT  associated  keyboard.  He  can  also  enter  information  into  the  form  when  it 
is  initiated  by  the  processing  subsystem.  This  display/printout  of  the  form  is  for 
use  in  notifying  maintenance  personnel  of  failure  of  substandard  operation  of 
equipment.  It  also  provides  a  record  of  equipment  status  for  the  Technical 
Controller.  Completion  of  the  form  requires  information  from  maintenance 
personnel;  such  information  must  be  entered  into  the  form  manually,  and,  if  it 
reflects  the  status  of  communications,  it  must  also  be  entered  into  the  processing 
subsystem  for  posting. 

The  Record  of  Frequency  Changes  (DD  Form  1444)  can  be  automatically 
produced  by  the  processing  subsystem  from  postings  of  frequency  changes 
against  trunk/link  identifications  in  the  data  base.  For  this  purpose,  it  is 
desirable  that  communication  entities  which  require  frequency  changes  in  their 
operation  be  grouped  in  the  data  base,  or  otherwise  associated.  Entries  of  status 
regarding  frequencies  in  use  and  frequency  changes  must  be  manually  made. 
Therefore,  the  diaplay  of  this  form  on  the  CRT  at  the  operating  position  for  a 
particular  communication  entity  can  be  ordered  by  the  operator.  He  then  enters 
the  appropriate  frequency  change  information,  primary  and  secondary  frequencies 
in  use,  etc. ,  into  the  form  for  status  update  and/or  for  printout  of  the  completed 
form. 
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The  Conference  Record  {DD  Form  1442)  is  normally  used,  by  Technical 
Control  operators  to  provide  a  record  of  all  on-call  patches,  radiotelephone 
conference  and  teletypewriter  coherences.  In  the  ATEC  facility,  the  operator 
can  "instruct"  uie  processing  subsystem  to  display  this  blank  form  on  the  position 
CRT  when  he  has  a  need  for  it.  Upon  presentation  of  the  form  on  the  CRT  (same 
arrangement  as  DD  Form  1442),  the  operator  can  eater  the  appropriate  initial 
Information  and  further  "instruct"  the  processing  subsystem  to  store  it  for  later 
retrieval.  This  information  is  used  by  the  processing  subsystem  for  activities 
log  entries .  Upon  completion  of  the  on-call  patch  or  conference,  the  operator 
can  recall  this  form  partially  completed,  for  total  completion  and  printout  as 
required. 

The  Circuit  Data  (DD  Form  1441),  the  Trunk  Layout  Record  (DCA  Form  155' 
and  the  Circuit  Layout  Record  (DCA  Form  139)  can  be  stored  in  slide  form, 
recalled,  and  viewed  by  operators  at  the  static  reference  facility  associated  with 
operating  positions.  This  facility  is  totally  controlled  by  the  operator,  and  has 
no  direct  connection  with  the  processing  subsystem.  The  static  reference 
facility  produces  a  projection  of  information  from  photographic  slides. 

The  Trunk  Channelization  Record  (DD  Form  1699)  information  will  be 
stored  in  the  processing  subsystem  as  part  of  the  static  data  base.  This  informa¬ 
tion  can  be  ordered  in  a  presentation  on  the  CRT  or  in  a  printout  by  operators. 
Similar  information  may  be  included  in  the  static  data  ba^e  relative  to  assigned 
frequencies  for  paths  of  the  trunks  and  links  for  the  station.  However,  such 
information  for  the  station  may  be  considered  as  classified.  Therefore,  the 
frequencies  authorized  may  Wave  to  be  stored  in  the  processing  system  and 
in  coded  form.  If  stored  in  the  processing  subsystem,  such  i  mation  can  be 
recalled  by  the  operator  for  his  needs . 

A  record  of  clock  accuracies  can  be  maintained  by  the  processing  subsystem 
when  automatic  controls  to  such  clocks  are  provided.  The  Master  Clock  Log 
(DD  Form  1700)  is  currently  used  at  those  TCF's  that  are  responsible  for  main¬ 
taining  the  accuracy  of  the  ...aster  or  station  clocks.  The  form  is  normally 
maintained  manually.  Completion  of  DD  Form  1700  includes:  (a)  date-time 
checked,  (b)  seconds  fasi-seconds  slow,  (c)  corrected,  yes  or  no,  and  (d) 
operator's  Initials.  __ 

2.4.2  Reporting 

The  semiautomatic  generation  of  formal  reports  as  required  in  conjunction 
with  the  Central  Control  position  is  a  role  of  the  processing  subsystem.  It  is 
feasible  to  satisfy  the  formal  reporting  requirements  in  future  ATEC  facilities 
without  significant  additional  burdens  on  the  processing  subsystem.  The  generation 
of  formal  reports  is  merely  the  compilation  of  static  data  base  and  status  information 
previously  stored,  and  automatic  request  and  acceptance  of  information  from  the 


Central  Control  position  for  items  not  available  in  storage.  Consideration  of  the 
reporting  requirements,  however,  is  required  in  the  design  of  the  processing 
programmed  software  so  that  it  can  accommodate  and  perform  the  required 
reporting  in  the  most  effective  manner  in  consideration  of  the  processing  functions 
as  a  whole, 

A  semiautomatic  reporting  capability  is  to  be  provided  for  reports  required 
by  DCAC  310-55-1  and  AFCSR  100-17  {O&M  organization  requirements).  This  re¬ 
porting  capability  will  permit  changes,  additions  and  deletions  by  the  Centra? 
Controller,  and  approval/release  pr  ">  transmission  of  the  report  to  the  local 
O&M  Management  Center  (or  elsewhere).  The  initial  generation  of  a  report 
includes  display  of  the  report  information  on  a  CRT  at  the  Central  Control  position 
for  modification  and  release  as  necessary. 

As  an  element  of  a  DCS  station*  the  ATEC  facility  must  be  responsive 
to  the  needs  of  the  DOCC.  These  needs  will  reach  the  ATEC  facility  as  Circuit 
Engineering  Orders  (CEO’s)  or  as  ODM's.  Upon  completion  of  the  required  action, 
the  ATEC  facility  will  notify  the  DOCC  element  of  such  completion  or  of  the 
inability  to  fulfill  the  requirement.  Furthermore,  the  ATEC  facility  must  submit 
near-real-time  and  periodic  status  reports  concerning  transmission  links,  super¬ 
groups,  groups,  channels  and  circuits.  These  reports  (ODR’s)  are  prepared  in 
accordance  with  DCAC  310-55-1.  It  is  recommended  that  the  ATEC  facility  report 
on  ail  DCS  stations  within  its  zone  of  responsibility. 

The  ATEC  facility  bears  a  similar  relationship  to  its  O&M  agency  in 
that  It  receives  instructions  and  requests  for  information  from  the  appropriate  O&M 
element  and  submits  reports  to  the  O&M  element.  It  also  requests  assistance  of 
either  DOCC  or  O&M  element,  as  appropriate. 

At  present,  the  reporting  requirements  of  the  three  military  departments 
are  similar,  but  not  identical.  Hence,  a  different  report  preparation  routine  will 
be  needed  m  each  ATEC  facility,  depending  on  the  O&M  agency.  It  will  be  advan¬ 
tageous  in  t-e  ATEC  system  if  a  single  reporting  doctrine  is  used  by  all  three 
O&M  agencies.  Not  only  can  one  program  routine  suffice  at  all  ATEC  facilities, 
but  each  ATEC  facility  can  prepare  a  single,  consolidated  report  for  all  stations 
In  its  zone  and  forward  this  report  to  all  O&M  agencies  represented  in  the  zone. 

This  will  reduce  the  reporting  load  on  the  manual  sites  by  having  the  ATEC  data 
proceseor  handle  much  of  the  effort. 

Asa  further  step  toward  reduction  of  the  reporting  load  and  standardization 
of  reporting,  It  i.s  recommended  that  one  report  serving  the  needs  of  the  DOCC  and 
the  O&M  agencies  be  prepared  and  submitted  to  all  elements.  This  report  can  re¬ 
tain  the  format  specified  by  DCAC  310-55-1  and  can  satisfy  the  needs  of  O&M 
agencies  through  the  use  of  narrative  text  permitted  by  DCAC  310—  5-5-1.  A  single 
format  should  be  used  to  meet  everyone's  requirements  to  obtain  ever  greater 
standardization. 


3 .  INTERRE I  ATIONSHIPS  OF  A  TEC 

h  is  visualized  that  the  incorporation  of  the  ATEC  into  the  DCS  'sill  be  limited 
by  economic  considerations  to  only  a  portion  of  the  DCS  stations.  In  this  esse 
the  logical  choices  for  implementation  are  these  TCF’s  which  lie  at  major  points 
where  there  are  intersections  of  three  or  more  major  links  is  which  the  main  line 
route  of  communication  within  the  network  are  carried.  Ey  virtue  of  the  ability 
of  the  ATEC  to  "see"  pivblems  in  i.  large  portion  of  the  network  surround  it, 
significant  assistarce  in  fault  dete-.U-'n  caa  be  provided  to  manual  TCP’s  in  a  large 
geographical  regie* u  which  can  materially  reduce  outages  and  improve  user  service. 
This  "visibility  region"  of  ATEC  facilities  should  be  adjoining  so  list  coordination 
on  fault  detection  between  AMEC's  will  bare  no  blind  a  pot-. 

The  ATEC  will  be  of  benefit  to  its  entire  "area"  in  functions  other  than  fault 
detec  tion: 

a.  By  serving  as  a  data  collection  point  for  ibe  region  arc  by  exploiting  its 
reporting  capabilities,  serving  a s  the  DCS  reporting  station  for  the  region. 

b-  By  serving  as  the  central  coordinating  station  for  a  region  In  resolving 
inter-region  prcolerss  with  adjacent  ATBC'S- 

3.1  ATT C  Interfaces 

In  carrying  &&  its  sanctions,  the  ATEC  facility  mest  interface  sits  the 
varices  elements  jf  the  DCS  which  ccctrirxse  to  prevision  a:  maintenance  cf 
user  service,  wife  tie  DOCC  and  wife  fee  OiJI  ages ey. 

3. 1. 1  Interfaces  YVtih  Other  ATEC  Facilities 

The  performance  tnaniteriag  in  an  ATEC  facility  reveals  prvefeens  lx 
transmission  links,  in  stpergreeps.  in  groups  and  in  indrnaual  circuits  As  each 
ATEC  facility  detects  a  fsnit  in  cos  cs  these  categories,  it  must  notify  etch  adja¬ 
cent  ATEC  facility  ■cifeh  is  effected  by  fee  prsotent  sc-  fear  these  other  ATEC 
factiities  need  not  vests  time  co  nrrestigating  a  fault  unit-:  lies  tcusioe  the. r  areas 
of  capafelity. 

The  ecordanaticc  cc-ctuxsicatirea  read  rod  to  acccsrstiek  inns  nsretire  can 


cat:  cos  can  rsam.r  ne  caterpretec  ry  me  processors  a:  ears.  station  tc  cm-nne 
dscrtntiraticc  nr  intern recaticc  aecaesn  'aic.rc''  and  ~3bv_scry~  data  it  is  also 
teas  Infs  tc  automate  reepesrs  fnr  ssscsteore  heruevn  ATEC  iaotluties.  such  as 
applicst-tc  nf  test  signals  to  a  channel,  in  snnr.trsry.  most  of  fee  enter- A  TEC 
ctsc-rd.nati.cc  can  be  acccmp-banec  between  iartlities  to  ecther  a  whncly  a  tzoeaster 
basis  -r  w.fe  ntintr-  roeratcr  cte freest,  to. 
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3. !.  2  lateriaccs  Wife  afaausl  1  CF’s 


The  .A TEC  lailiity  *  .i  coordinate  -critis  TCF‘s  in  circuit  actiratios,  deacti- 
vstica  ecd  resrrasg&rsKg.  ia  testing  stK?  aligrrmect;  and  5a  restorals.  It  sill  call  for 
assistance  and  '•rfji  offer  assistssee,  as  repaired. 


As  a  DCS  reporting  ststicc,  the  A  TEC  r&eiliiy  ■sill  recede  status  reports 
Irons  tbt  TCFT  ic  its  roce  for  iaolesioo  in  the  reports  to  tie  DOCC  elected. 

3.1.3  IrtsriiCeS  W!&  Retrod-  R&dio  Tercnrsls 


Tbs  A  TEC  itewiy  stU  be  ressccside  tor  tecicicsi  dfrectioa  d  sccrritles 
s:  Lie  recent*  sites,  aor  vll:  *ssisz  iz  tie  rescidicc.  of  difBcoisies.  AliggsceS  sad 
teateajg  cf  tie  irber-site  lir&  vill  be  a  >rir5  eSoeo. 


712  AT  EC  rr-cdliry  -n-ll*  report  cc  tie  retraOE  sates  :r  its  reports  to  tie 


DOCC  sU 


2  I  4  Irsertsces  vtlti  Ccrzrza. rda!  Carriers 

If  ££  A  TEC  fediitr  dacscts  a  otci:  -sfidca  t*  sespec&ed  to  lie  is  tbe  facilities 
trrcsitisd  by  *  corsaerciei  carrier.  £  *$i  certify  tie  carrier  cf  fie  prrfcferr  aar, 
ss  tie  eatatr.  asceasa  ’nr.  -sori  **Sb  tie  carrier  la  fee  iscfeEfec.  ci  ire  fecit-  Tie 
AT  EC  fseiSty  tail;  sisCrrJy  fce  serrised  by  the  carrier  of  srrcfcszos  cefiecsad  a? 
tie  carrier  viaci  affiaci  cirrdSs  appearing  er  tie  ATEC  S&efSity.  Tie  ta-r  orgstf- 
v.ill  z3&o  ecorfceb*  cs  dreed:  ggsrsacg  3 s_d  tassErc  rod  cc  tbe 
of  rerccsas. 

2 .  E  2  taceriecss  mISe  Tears 

Tbe  A  TEC  feet- try  rs  rescoasiae  ice  rtaacalrit^  accsgcrb&e  seriiae  to  is 
-dLrscSy  oaoasccac  rears  sac,  tberg&sre,  eccgrres  tie  rastorscSor  cf  sar-rbee  to  tbsse 
rears  Cercsir  rteyte  tears.  iSe  AnOIDS  cad  AsTTOEQt  ygerrifreg  osiers,  asre 
bscic-ix  gas&bOSes  icr  ae  detaedgg  rf  ctrasit  prbbtsas.  For  era rcple.  At7T01R>5 
per brrs  tears  cc  xge  ferer-rgrtcr  rat;  usa  a  trn±  roexiaer-  T&  beg  creertes  ar 
trams  are  crtecced,  th?  macier  shnrad  garersoa  ac  -renptc  to  tie  A  TEC  fscfEbj, 
iasrsStyiig  tie  6s~ectf~re  trait  SLsJGsrry,  AETCEJE?  perfersa  errraia  error  caedcs 
at  re  bo±  rear  ccrcsfrs  aac  saer-STJitob  ersane.  Sere,  tco, 

tie  icssctty  rf  ccm^cs  or  treats  a sss£ag  ±r«L  *e  A  TEC  iadiry  sc  reeling  cdoeej 
•wi  error  raes  erode  be  neac  to  Sa  A  TEC  isediry  sc  tear  correccrre  aecSeai  cr 
a*  seer 


it  3  siafja.'  nearer,  sdgrrfonrc  tecages  cececcerf  by  tie  AT EC  irdlTy  oiT' 
be  i-£2a*ss:  to  ATTCTCl*  aad  AL’rC££>  so  tfac  trait*  err  be  bceaeg  ccs  o:  trrSr 
tiretdae  acd  tie  rraabie  i*  decree 


The  A  TEC  facility  wiil  hare  to  work  closely  with  the  PTF's  at  user 
locations  for  the  isolation  of  problems  on  the  user  loop  and  in  the  user  terminal. 

It  will  also  need  the  cooperation  of  the  user  in  end-to-end  testing  of  the  entire 
circuit  or  of  the  user  loop.  In  some  cases  loopback  is  needed  at  the  user  site, 
and  in  other  cases,  at  the  A  TEC  facility. 

Wife  terminal-type  users  and  manual  switchboards,  automatic  transfers  cf 
inionnan  on  to  the  A  TEC  facility  may  not  be  feasible  or  warranted  economically. 

In  these  cases  marcs',  communication  is  called  for  and  will  be  perfectly  adequate. 
The  user  will  call  in  oroblems  to  fee  A  TEC  facility  and,  in  tarn,  it  will  notify  the 
user  of  any  dirties! ties  it  has  uncovered. 


3. 1.  £  Interfaces  Wife  DCCC  and  Oki*i  Agency 

As  an  eletneat  of  a  DCS  station,  the  ATE C  facility  mast  be  responsible  to 
fee  Deeds  cf  fee  DCCC-  These  needs  will  reach  fee  A  TEC  facility  as  Circuit 
Erglaseriag  Orders  (CEO's)  or  2s  ODU's.  Opes  completion  of  fee  required  action, 
the  A  TEC  facility  *111  notify  fee  DCCC  element  of  soch  completion  or  of  the  inability 
to  furSIi  tie  reemremefe.  Furthermore,  fee  A  TEC  facility  mast  submit  rear-real- 
time  and  penocic  scams  reports  esacerzirg  traismissioo  iirfes,  sepergresms, 
grucos.  chancels  and  circuits.  These  resorts  £>UH's)  are  prepared  in  accordance 
wife  DCAC  31S-5S-L  As  stated  earlier,  it  is  recommended  that  the  ATZC  facility 
repcrc  co  aH  DCS  siattana:  wifein  Ss  zees  a?  respcessihfUty. 

Tbe  ATEC  farfaftr  bears  ?  similar  relationship  to  its  OOS  agency,  in  feat 
St  recesras  InamvcSece  and  requests  for  Information  from  fee  appropriate  Ohlf 
eaemsefi  and  sfernSs  reports  to  fee  0£2*I  element-  S  also  requests  assistance  of 
eafesT  D5QCC  get  ^ss~*?r5.  as  gaamvate  _ 


SECTION  IV 


ATEC  FACILITY  DEVELOPMENT  AND  DESIGN 

1.  DESCRIPTION  OF  ATEC  FACILITY 

The  following  paragraphs  present  an  overall  description  of  the  recommended  ATEC 
facility  and  of  its  associated  remote  radio  terminal  sites  and  repeater  sites.  This 
description  shows  the  relationship  existing  between  the  communications  system 
elements  and  the  ATEC  system  elements,  and  between  ATEC  system  elements,  at 
the  DCS  station. 

1.1  Communications  Elements 

Sheet  1  of  Figure  2  shows  the  communications  elements  which  are  typically 
found  in  an  ATEC  facility  except  for  the  items  in  heavy  outlines,  which  denote 
ATEC  elements,  included  in  the  category  of  communications  elements  are; 

a.  Tropospheric  scatter  terminals 

b.  Microwave  line-of-sight  terminals 

c.  Land  line  cables  to  HF  radio  sites  and  users 

d.  Frequency  division  multiplex  (FDM) 

o  Timo  Hivl c irvn  m’Ofmlov  /'!rT)lLr\ 

^  ^  %*»i  »•*'  \  *  *** ; 

f.  Line  conditioning  equipment  for  VF  channels 

g.  VFCT’s 

h.  Radio  telephone  terminals 

i.  Data  modems  for  digital  signals 


While  the  diagram  shows  that  for  TDM  the  composite  digital  signal  may  be  trans¬ 
ferred  into  and  out  of  the  ATEC  facility  via  a  group  modem  or  a  carrier  cable,  it  is 
also  possible  to  use  supergroup  modems  or  to  transmit  the  high  data  rate  over  a 
separate  microwave  link,  as  to  s  satellite  earth  terminal. 


1.2  Patching 


The  principal  ATEC  elements  snown  on  Sheet  i  of  Figure  2  are  the  ATEC  patch¬ 
ing  elements  enclosed  in  zhe  heavy  outlines.  It  is  recommended  that  the  following  new 
patch  bays  be  provided: 


a. 


For  YF  circuits,  the  customary  three  patch  hays  (VF,  circuit  or  equal  level, 
aod  cable)  will  be  replaced  by  two new  bays  {circuit  and  primary).  The  new 
bays  will  contain  jacks  to  equip  24  ftill-duplex  circuits  in  one  panel  across 
the  width  of  a  13 -inch  rack,  and  will  use  sealed  reed  relays  in  place  of 
exposed -ccstact  no rmal -through  corrections  te  eliminate  contact  noise. 
These  bays  will  also  craiam  semiautomabcally  controlled  test  and  monitor 
truiks  to  the  operating  consoles  to  permit  access  to  individual  circuits  or 
channels  on  a  terminating  or  faigh-impedr\je  bridging  basis.  One  of  the 
test  cases  in  the  circuit  patch  will  permit  the  insertion  of  a  HKH)  Hz 
standard  test  tcee  LrSo  many  circuits  or  channels  simultaneously.  This  sew 
patching  arrangement  will  respire  that  all  iine  (onmUonmg  equipments 
[ssek  23  SF  units,  amplifiers,  ccualirers,  echo  suppressors,  hybrids,  and 
signs  irg  converters)  be  grouped  between  the  circuit  and  primary  patches. 

b.  For  f  C  circuits,  a  new  DC  patch  bay  w:li  be  provided.  Tbs  features  of  the 
DC  patch  will  be  similar  to  those  of  the  circuit  and  primary  patch,  and  will 
inciece  Fox  generator  diotribctton  bases. 


c.  Fcrr  green  patching,  a  new  grccp  patch  bay  will  be  installed,  which  will  (as 
above}  also  incorporate  reed  relays  is  plane  of  exposed  normal -ihrrrgh 
coctacis.  Becesse  of  she  higher  frecseacies  appearing  is  the  patch  bey  and 
the  greater  risk  of  degrading  the  groep  signals,  to  test  or  monitoring 
trunk-  to  cceraiirg  cecscfcs  are  orarrided.  jacks  wS-  be  used  instead. 


Far  supergroup  and  baseband  patching,  it  is  recommended  the 
be  made  hecartse  of  the  relative  infr&epemrT  o:  sank  penching. 


no  csamges 


Each  sc  the  kcr  types  of  patch  bays  described  above  ccateirs  an  istercccnect 
meddle  and  ocstrc*  ler,  which  performs  several  fmctsctes.  First,  it  provides 
i  cord  seaming  nmcsinc  ’  >  verify  hat  a  patch  cord  has  bees  ssserSi'-d  into  or 
removed  trees  the  proper  pssr  «  *acks  wsem  r-.aun?!  Ls  used.  This 

cord  seaming  L?  directed  hnr  tb*-  cats  processor.  Second,  it  provides  for 
ccanethacc  arc  disoomeetder:  of  the  metniior  and  test  bases  =mder  processor 
ccchroS.  Third,  there  is  the  ccenecssas  arc  discoonecsisc:  of  the  switch 
^isrrix  to  and  from  the  prints  being  switched,  and  the  associated  opening 


rescecnne.'T.  c-:  tre  re: 


terourk  re 


Vst  M-V 


etrices 

ng  in  life  rc  cord  patching.  Three 

matrices  are  snewe,  cce  eac-r  tor  grom  swecemg,  c.rcm*  feqpal-jgTet)  switching, 
and  DC  Cow-sere:)  switching.  Co*  rattans  r:  tie  crcespccnts  in  tee  mat 
ire  reettre-:  rc  tee  data  prrcessrr  _n  response  te  manually  entered  buster 
a  matmc -swfmhed  c  annectent  s  esteiCrshed.  mid:cat.rr  amp-  at  tie  correscco 
vadks  m  the  patch  her  are  ."nn mated  te  icrostedl  mafvertect  inseruron  c£  -  ranch  cord 


vi  net 
mg 


The  switching  matrix  is  designed  to  provide  a  limited  number  of  simultaneous 
connections  in  order  to  minimize  size  and  cost.  The  limit  is  on  the  order  of  10  to 
15  percent  of  the  total  Dumber  of  normal  through  connections.  Once  the  capacity  of 
the  matrix  is  exceeded  (which  should  happen  infrequently),  overflow  can  be  handled 
by  manual  patching.  Manual  patching  also  provides  backup  in  the  event  of  matrix 
inoperability. 

The  primary  patch  is  intended  to  be  used  fcr  substitution  of  line  conditioning 
equipment.  Since  the  frequency  of  failure  of  such  equipment  is  quite  low,  it  is 
recommended  that  equipment  substitution  be  performed  by  manual  patching  at  the 
primary  patch.  Aceord:ngly,  no  primary  switch  matrix  is  fumiohed  for  automated 
equipment  substitution. 

1 . 3  Equipment  and  Link  Sensors 

On  Sheet  2  o'  Figure  2,  circled  numbers  5  through  16  indicate  the  connections 
of  equipment  and  link  sensors  to  correspondingly  numbered  points  on  Sheet  1.  These 
sensors  measure  either  signal  characteristics  or  equipment  performance  character¬ 
istics,  and  develop  DC  voltage  outputs  in  a  standard  range.  The  output  of  each 
sensor  is  sampled  by  a  sensor  scanner  approximately  once  in  two  minutes,  and  is 
converted  to  a  digital  cede  by  an  anal og-to -digital  (A/D)  converter  for  transfer 
to  the  data  processor.  Four  different  types  of  sensors  are  used,  covering  DC,  AF, 
RF,  and  MW  ranges  of  sensed  parameters. 

Additional  inputs  to  the  processor  are  derived  from  equipment  and  link  sensors 
at  remote  radio  terminals  and  repeaters,  and  are  transferred  to  the  A  TEC  facility 
via  either  the  telemetry  subsystem  or  the  transmission  facility  interface.  Later 
discussions  of  Sheet  3  of  Figure  2  wQl  provide  additional  details. 

1 .  i  DC  Circuit  Monitoring  and  Fault  Isolation 

The  outgoing  signal  to  each  user  DC  receive  line  is  sampled  about  once  every 
So  minutes,  and  is  analyzed  for  distortion  and  loss  of  transitions  by  an  automatic 
digital  circuit  analyzer.  The  result  o?  this  analysis  is  passed  on  to  the  data 
processor. 


A  second  form  of  DC  circuit  performance  assessment  is  performed  by  a  VFCT 
tcoe  scanner  and  remote  controlled  distortion  analyzer.  The  scanner  accesses  the 
YF  transmit  output  of  each  VFCT,  selects  a  tone  channel  and  demodulates  it  to  DC, 
and  then  measures  distortion  and  detects  loss  of  transitions.  After  each  tone  channel 
in  a  VF  channel  has  been  analyzed,  another  VFCT  VF  output  channel  is  selected. 

Several  tcoe  channels  may  be  analyzed  simultaneously  in  order  to  maintain  a  scan 
cycle  c-f  approximately  two  minutes  for  each  DC  circuit.  The  characteristics  of  the 
VFCT  lose  scanner  must  match  those  of  the  VFCT's  used,  in  terms  of  tone  frequencies, 
frequency  shift  keying  or  phase  shift  keying  (FSK  or  PSK). 
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300C  2  n£  C‘<Sr3t  totory  tor  «S  sad  nnfasr.  sad  psrfarms  TO3»!ctm  ctor  argcntf- 

Tie  cadre  ccertoac  grugrin  as  tor sd  fa  to  rraas  sarcaqa  Se  (dfcnr  ixr  imni. 
f;rr|r  v£S.  Et  eztosfaie  tore  tons  cCTifarnag  rctfr  toto  and  craaaaror  -fust  Tre 
.-5i?n:-pfer  dtto  ton?  a*  QCT3tom£g  fafaj  apdtod  12  1  residS  cf  coitfaminr,  calk,  csrmtfc 
mTtfeg^  me?  farffc  tofagltts.  and  to  srtonu  cf  csensrar,  gersnnner^ 

T5e  Tgiq-nrfctr  rtrp?  £De  iu  sit’d  tor  iritiaf  prrapxat  toe  an*  to  pr'ic«*itn:r  saf 

’hi  sxroo  sagqg  £3e  aad.  sufejoB^remShr.  tor  to  ansn-gmuaaf  if  x  .nurasx  ucn 
■w&fat  affi  fnpiSinun:  cwmex  xr*  rxgggfadL  Tto  saittcnm  cf  tot  innxt  tor  to  sun* 
lotos  far  rserfaed!  c>*  pane  entx  aid  far  cS-iae  anaSys&i  at  iponriiuio  to  Onicni 
Ctonrci/Steftoir,  rtofamuare  and  to  9e  $3S:J€  spssr?  is  26 OC  «uaaanc_ 

Tto  spire,  corpse  ataseme  Ufa:  jctodeif  x  amaaif  far  ir&farusiaj  to  3iq3>-ope«f£ 
fapDS  aiCpixc  'SV  too  cf  too  xrccaoimc  v'Jir  to  ssrm.'to  sues  caiwis  to'Jttma. 
atotfr  fflrr>  ssoKio  as  to  ss*_  xaxz  irr  csnCnflbz  to  urfnri?  imsrsa;  if  mint  icouto 
tosaqS:  jmceoans  ana  to. 

*_  r  Ctoicrcf  Otmrmintc2C>oa5 

iTCsnar  simnnimrrxCaiircf  xrx-  tourtarad  toirarg^.  -.narsesug  -irn'.omjpef  i£  to 

CptSKtoJ^  CiCTMUiO  ssf  OthOST  1 pftSXtog  mroffrtrnf  toiragpratK  toe  torrftfta  Slit  SI 

gqgscgnr  sostoin^  corsto  toac  ioctsfiotoio  to  tonrrwf  nctasiuicecccng. 


Etossaaar.  snmnunsagimo  far  saiatonaSrar  v?I2.  atoa  iiTs6Tx..  wife.  TGT'S. 
sail,  remre?  sCzo  ssc  asuaarr?.  ssf  vato.  ssrrt  cs  ssratod  fr.SEqft.  scswear-*ngd 
tocs  saf  ssiiignns  istorwcrsa  toeprsoo  sue  somnstsssitv  h&ut&s  si  E.TTT’TTBS. 
-nitoer  torsorl  i  nr  tor-mgS  m— toar  nvifaiitossr  if  csdmsrto  si  x  suasEsiry  liasirr* 
far  rncrtoaatos.  zaedad  sopsto  to  apaaiiltoa  r£  toe  ’.torvra. 

Aoki  raaursi  xrs  iccgegattg-omsr’iltgt  r*rcTrrnmnraCim  mtsaiom  far  npmrtoj 
st  DiOC  sac  O&H  srenr?  and  far  torscr  xxcst'z-^TTG  ana  caaaiaas. 


2_S£  ns  T 


amf  Hsotgaicr  acsr 


jggifengitagSaa  of  ATBC  *  m  £?  aaaanategr  amf 

rsmgfeer  a3at£  ss  sntRrr.  sa  Sees  3  cff  ?1gsrg£-  Ifrxf!fer3as  cS  fegs-  ggn^nrresc  cd  Srnt 
m-Ssrs  is  to  fet  prjrtarf  fee  gesti  Hr  fimjrfgsSSag  amf  rss=cifih$  afit 

is  3fe±  "to  fie  *.1EC  ferrSfcr  sii*c$  Ifee^rS-rGjftg  srasr^mEZ  or  rsr 


r^Vnc  fcs^sgJSTT’  afegfeo fee  ■trrr^Wif 

£2jo  5e  Saahctfg.  ta  5c 


aoritegfe)*  z£  sarfe  ed  fecrfiKfe*  *233:  -n£B 


L  *  n  ^ 

I  •—  — * 


B sseoase  S25f 


Sxasc  J  x£  T'jgxszz  *  Shacnif:?  fie  snnzcee  to  -viiefe  nine  en£  s^rf^jxaecll  sianftce- 
535  'yrnH-nfflyrriy,  ie  jfefiessrf!  os  mffir  rspnarr  sites  amt  arose  to  fie  £t?2E 
feeastgr  fee  srscssaStof..  Tie  -nafists  s£  sat  jearotca  are  aarsataaferas?  aara^dsf  in  x 
scam bet,  rmTuqrVi^  to  tfiyte.  nnSas,  na£  Snrnnnrtscsi.  >to  fin  tekemers  tnfiawirxsn,. 
s®sr  1  iceemi-tob®  aernfee  ribax>iiC_  to  fie-  £73C  T nrTrt? 


1.  r&n-r.2>T 

Tire  ipeu-fin  q^ronmr  urrLirmi  ors£  aesgnmnliifelfim  or  fie  jentcmmE  saspurrsf 
in  fie  iTrC  5un2t»  aesr  fimcrfiei t  a.  (fetarE  to  fie  fetSwUrcf  anftffweajsayna^  Tie 
HErfeors  rmaaiksmaH:  -if  gurii  ;.i,-«smir  ^nattfun.  as-  fif?nrrin~t  at  fitcn£  to  yBsajpsi^ft- 
}  4  rf  fin*  aeefirau. 


fe.  I  OtstfiaC  Canteri"  JnuttQro 

Tixn  emdittn  to  fie  mnttou.  ;r.uit  fee  namnam?  am£  n:nm£  s£  xxb  xcrtottEter  to 
fie  S.TTDT  iniiCto _  t  w‘11  fifer:  ie  rnn^nailiHt  fee  aeihmee.  xasvvna  xnii  gaqQmgmt 
if  s^roSi  ^einfecanEiUJt  fee  s=o3zrB  n^irni  ncira..  Tie  ssnmnt  nnnaiiap  fiia  anjiatmt 
carmine  1  lajer-rtoites  rim-  imf  to  -renatmulil**  fee 

i_  litanpraest;  if  wet.  jt&de  a  totee  ncaane  juifiifisciK-  femxnmre  r£  refer* 
amf  mecflimCtax  m'H  5e  nreiramlurayt  -ru.  msrrrnnr  tnmufir? . 

1,  JSunEara  t-^mraare  t£  KSCnc.  imf  3wansai  Kama.  Tie  .erntmE  stserst 
rpErcinr  4^tL  itcerrtorise  fie  :nc®i*ir  ite  1  n^orr  ns  «mnr»er  Sussc  xi 
upi\rvZm.  to  Jwursf  to  le  carsv  u.  si  sat  it  t^eesT.  ^’raQingtnt  -u!  metr-.ntto . 
ssKigmeacf .  imb.  te  fee  fesrs ninsgitit  t£  tesfene  r^geeeng  fisto  SsnasKto 
fee  umemuSitt  »‘£  ie  smite-  fenc^.  iae  sr  fie  Jenirtorf  smt  fie  fimt  -n'iH 
ie  fbsniicx-itt  tc.  fie  THT  nr  s a  *  reef  seanaig 

r_  ^irrrr;  iffirt»m.  ,  jsneeaitfen^  ••reigv  irtit  n£i*aae  it  itT  fe  •iuterema  n1 

ECS.  amt  T)S.  S£  nermr.tnt  Tie  Esinrt.  Esanrtt  tprrartnr  n‘II  ie  reenmuilne 
fee  1  cspsUfiBf  isarfint  rameto.  uni  fee  Saur  iceenrC  an  sanuesfi  t? 


*’«»•'  *-«•*  *♦  *  *%**%*++****  ***  4h*i 


# 
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tCae?  ;er3crta*£_  T'c  pzxxsRvzc  v^SL  tecs*  ycnparrm  3zc  psaaragisf 
rsgxmt  car  Swans  2s  Sir  jracascanr  s«IE  2c  jccfit  iva  x  Syr  rsaSgr  se¬ 
cs*  tcmirSL  ?5c  reject  sntgsg  -wl£  2c  prs»*l3ic  sc  Saa-  £S7  cat'sxr  3crr  sag? 
fee  ~*h**t£  car  22jo  as  x  age  ptetoansg  as  xfiEiar  x  aa  saga-  asc  trsax- 
-r>r*-Tm'irTr  -rlt  sa  A7T3DI5  armritezL. 

ju.  ragnltcuc  s£  -rsaga?  sssaate  srrSfttrar-  ~5it  O&anZ  Osea  iggcsaig 
srtST  ie  q£B«c  ignxr. »  saute  CRnmlinit  sanasrntag  ansDsansg  sc  ccacjEESCC 
sscasiC225  for  rsaossail  fiErrisc:  foynic  xa  ’‘snmr'lsapr  if  sactes  saf  syaSsar 
aigatUIHg  -fiias  setamaS  2rmt  Sbr  sccacEita: 


e_  Pcrtt'ifit  samaccnrc  A  eagjxasScn.  s£  a&fllSigsc.  accEc  tiirsafiss  seen:  snoutac 
2«  Sa»  ckeex.  Trva  anjtt-ttt-Snj«£»  sa^^ajx  sal&argarf  xi»»c»  s£  Sie  ECS 
may  cstpiCrsr  tosrtaatrf  saxunaaaitt  sssnars,  -ngaQiIilS  sc  i  seagnrsr?  txaCi 
cat  Ait  €tetra£  Omnrt?  smnlimr  ustil  esalin:  fo  sand!  aseng  ViH  srattfiac 
■CHitr  nr  UC7  j.t  **«aiifb*n.  lit?  attseraar?  sirsalisr?  THi*  aanaflratttnr,  -vtH  2c 
ikmt  i‘ii  Shr  issciiicJii?  nsfitr-vrcr  sr  sritepaunT  rmuifci. 

s_  IGacnaii  snneni  rear  Sat  smiarirsc  if  Sar  anepaur  taca  Ssiar.  3at  laamt 
Tiiccm£  natnttxr  mi*  Sat  mnaacuiultt?  ax  eranr-t  Azt.  pirantin  Txrspsm 
saangEi  ai  In*  irxjMa.tr  cm  3*ncrrt>?  aasiungficniaf  ccf  ir  wyciS?  acsccr 
igaxnctvm  ups:  nnagutOxit  if  sen:  x  -cramps.  Jt  rw  tr  serf  rsefer  v*iL  2c 
uwnt  for  cacrunj  -act*  sciagram  semaper  ai  Ait  nrapar  incx  2cs«  cat  He 
■tayiaacef  ra*H  2c  emit  Sir  mcinr  sc  s-tuOas-  imrrnt  «fons  sicanptai 

p.  2ttigactc  cat  rsranaa  nbnmaOttir  foam  ia*  s~n»ae«*nr  or.  mxraa*  -rf  -mCepsa^ 
irtiaunjca  uuiqrt  cut  samapw..  mstwcc*  cat  cimgaaeu:  *utbigtnfttar.  ?.*  sacs 
s£  Sat  MagrasatldiC?  rf  Tiercru.  T.iacr  u  Hit  tratraxcr  rir  xcranai  rtaannu^. 
my  caaf  ax  ertrv  ciiumutt'.in  *una  c*  iSC  {rtnuim  5s r  sneeptt  nr  rmuta. 
saamum*  ir  .lrritc..  rir  in  lTz.Z  v’JSr  tptnnanx  catcm  s£  2Ss  mnaratitiCT 
cat  rsrj>rv»ir*  line*,  tact  xr  :£FT  s  CasttutBarf  razrapta.  n  cnn.xuanina 
x  prise.  nihrmtiCisn  ~asn  is*  nrsnaxscSiw  siatm-  sr  JiFTs  tnxcxiauni  cwcxnm 
isarauictriv  ? 7T  tb-tiauixuri  xf  xganx-un  mnranu*a;nm<  cat  '.*TT  litweic 
uranfit  irsctasica  v.oL  tc  rttniursif  Irrr  ynnastnc  if  S?  irictm  njctncisn. 
3iza  nr  Mirmtaa  cat  •‘rnunaxnat  mrtsiimrtnn  wH  sc  x>uKt  anr  yrchnttnc  sf 
patmicit  simnnnaisaiStnx  rysaant  rtnranxijnmCtixi.  3c  ttsa  jrn&nrnartisa  v.{I 
sx  sacaraat  ir.m  Sat  vnr.ztzmr.c  ~'H  Sat  ZZE'Z  tiuuic>  cat  nr  l  car t  nxgw 
snatuE 

t.  ryramrrar  sracrsinscnc  vjlr  Sat  ZC'CC  fTCi  Optragisnai  C-xsertt  Snegue::. 
v‘SSi  asatr  *-.TrC  1  sc  7TF  *.  rrpnv.raCtmaf  sar.rnttxacaig  rutmxKrc?  cat 
iggxrsgeiiia  3i  tt  CiptrsCirgai.  imt  ]vn.ntanancg>  ?atnjicntr.  T!at 

Carrera.  3sncmL  siptmai c  v'H  mw»  at:*«2fii  Ss  misc  cat  st'ccrscwrfttr 
nrtaev-rc*.  srinjnucei?  cat  mtcrsirv rjc:  rxiancapt  rruaHnuHfj*ni  hir.I.gmt 
5sr  sccraCisaci  car  stemurr.  rttsetnaciTO. 
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i.  jftfghrnrail  fH^yragslar  r&zz  jgfarnsltacg  TC?1*  xsc.  PTF^.  i5a  Otncnn 
Caass£  .sggdazr  *2T  ar  TtaaSmi  at  icrea  iiSKSusg  -arur-Tt  Sir  amgy, 
rantcin  an:  av.i:i;ac3.ri  sarmttr  ^Sxiri  znrj  e5k2  -spESSSanr  *c  *ui- 
sgfl&ggg  fatStmc.  'Saeoe  saSttr*  user  'is  Zz  Sg  fom  <sf  sfacn-;a<»r2tcr 
mssKups  ar  -vcrSaf  r-Srecx.  xe  5dSv.  ftepsaSst  at  Sir  manna.  yra*- 
tsEatesa*.  rsf  «Cig.ttG3  3SKa»ii. 

>  SSxcSsr  if  Sa  agSteg&ar  tr  SsasSascua  sf  tSrgia-.  aSamafa  am:  l-trihs 
at  3train.rfirarg  "»afr  sfisaffc  azapatartS;  xcSet*  ,-CSO.  s&ar  nasi*#  sf  a 
£3*X  fratr  x  2C*  gfamts tu.  far  OcmC  Cannra  x^araaw  trlT  itercr  S» 
tccsoctrj  mam  at  urm'utnunr  Sir  tirampti  at  in  gatSr,  13t»  tmi  •mm.'** 
Sa  3'riEC  fiutiHg?  2tm*TL  uScr  TCr* *  m£  nr  P77''j.  taca!  -rsamiaCiaBiL 
2xuitHi*na2r»_  C&3S  tp»ara  gugnantfc*  jbi£  tunrmarai  f  Tia  mmfii- 

xasr?  auCtnx  illnctyxM  sup  alter  Sir  irra  if  ^strtef  traS  sc  anaiGupr  refers 
snf  Sir  Oocn:  CCsnrrf  iggaa&ic  w‘-£L  sap®  Ssr  isgipxniaiti&C?  a:  laatrcs 
Sac  Sir  refers  res  feus*  aarSurf  sue  ic  oil  -imat  as£  tufcitcSnaar  ownar 

t  Jinpir^issf  at  am+ar”  niSnxmmr  nt  Sir  tana  if  -it  trammmnncam  mmStt 
an  araacrSutt  i«  llrmnin:i  Lxca£  ir  inprar  nnnir.nnt  sumjisaia  zov* 
esa iurt  pracrailim  if  flacui  mines.  IHur  fanmi.  otccraf  icarncrr  vl~ 
ligaxn  wrai  imS  ir  asst  ttnjv  rfruranirittn  inra  iss«rta£~itt  mnrac. 
unf  -fgaCtni  itacm  in m  Sa  luncmwar  n  la  tiu~i  ar  urnumrua  tr  rural 
uinca. 

Diairfttisffnn.  if  Sa  nanuiO-i  if  ranhlitrau  Sac  rarmcr  ia  nanS»ef  sm  Sa- 
atmr  -S-TrST  SuntUS  ujamm— f.  sia  uScr  -ptxruti ra  re  Sa  rSciu  3&mi  - 
aa»Uaf  «ut  ^iic£i£?  C/racnt  traumata  mu* .  Srxm  sisa-ar— Smr.  m^ura 
uauonm  n  iiuus&at&isi  r*.C»  utu*  r  T  IT’  i  ir  >'j  j  j.  Tur  OmCru. 
T<irtcni  ayacaitii-*  v*il  cw  nu  *»  rajanaana  n  ruca  xiaxz&n  in  it  vH  la 
r.r  ntitn^  jraas  utera:  tn  -ana  is  tnnui«  itg  iiE.ua  if 
Se  amiUKiii  usstuir  S  la  o«amcai .  n^mttraau.  xr  jeraunreu 

a.  Jr^r’lic-  iaca  if  rngirrut  aanuaaeicai  limramia-.  i  teuuqe.  Sc  Otnm_ 
iliarrn.  icaiJSia  n  tf  ac  xastrutuna-.  ours.  Inters  -v‘II  ia  tanara  ts~ 
rcrauninlxSaa  luccanimf  atm i ratfCnma  uacaca  Sac.  atcc^Situtaa.  nuac 
la  laSrnmait.  rium  srasic*  an;  raugr  f**un  ^fKmnai.  nrarres  imt 
•i*a*iuuusta  t:  lno.*.  in  tf  j:cu  bici*i-C  iuc.'ujtuu 


v  Pnqaerinrai  if  rap  Ta*  smxttaCiai  iguasiiar?  irr  ^ca.ncx  rc  Sa 
naarat  np.  ^rrsrai: rr**  Sa  Inmct  r  SSSicr  v£L  ia  t^dinesf  or 

sui  tnav  tran  Sa  jncaaiuzc  Tift  ZtxcnC  Tvcx^m.  tpsenc.tr  vT  prut  r 
ts  icur  rrjutw  Sa  ta_er>  nacrai  raj  iac  nracs  cssss  ia  aeaajnt.xn . 


2.1  «fcr.tef  IfcteSterang  Porbrioco 


A:  gagffc  ATDC  teEre  -spSH  be  m»  or  n>cre  states  =»3Sltcrtr^  cooscJes.  Hie 
amefo  iff  cansdief  wsil  segegri  ca  tee  nnmber  2nd  types  cs  circuits,  epnipments, 
zmf  bines.  te  x  parameter  A7TC  strtiar.  233  also  =npco  tee  epers±kE?aJ  requirements. 
The  creit  rmardterar®  pnsteba  wOI  be  sssd  to  psrfora  surma!  Tech  Castro!  fonc- 
tetciE  xsaccteHsf  «*3te  prrr.-jrtec  reiaccrr— tr- foztyrrre  sendee  co  esars  cf  the  DCS. 
7s  Sese  pCiEbtenns.  wZ5L  h?  prondtss  tee  initial  iacleatioa  of  impending  faults, 

pErlsniasasa  .■  *rrfr»-?-  .-cEcStearl  =rd  teflcre  ocearesce  (Hsd  condition)  af 
dteBtas..  asc  Srn'«-«  The  jcSfowing  ss  2  gsfeg  of  ccerstor  actions  and 

•jH^piir/yriT^a^t  San  v£I  he  rg^grbrac  a.  or  delegated  to,  the  states  monitoring 
;iuKSarnzi- 

i_  Coordrarsisx  «bte  ether  A7PC  racilrlsss  and  TCP's  in  matters  pertain  - 
-nr  it  chmjgis  or  restore 's  of  iidcs.  charnels  and  circaits  for  which 
ter?  "hare  rg^cmteSxfors.  The  states  a-ecitorirg  operator  will  be  re- 
apcmiCite  5sc  rraterxirtrs;  o^rairrree  ever  srch  charges  as  may  be 
lEoefsar?  to  pcssene  or  restore  ceteewamoaicatioGS  service.  The 
r*~c. tc  v  _f"  ii*e  racae  or  tese£?pr»Tfter  orderwires,  mainly.  In  co- 
*  ;  -wfntw  vrEa  states  reunite:  preitkrs  at  other  A  TEC  facilities  and 
Teca.  Cnrcrci  cecsoEcei  r*  ti e  raanrai  TCP’s. 

^  Tecamrral  ,£*’>*'*  »r  ae  of  scfcostSsaje  '^CP's  and  PTF's  oq  al!  matters 
percxranqr  te  teres.  chasreas  arc  r:rrsate  for  which  fee  A  TEC  has 
rca^msiSflliCT.  The  states  rnceisteriEg  opersior  will  handle  al!  incom- 
rap  raon*sts  for  dheciisg  circriis.  via  voice  or  teletypewriter  ordcr- 
v. res .  anf  by  >Voqt^  :f  do  ordersrire  exists  to  a  pariicelex  PTF  or 
cser.  The  operator  -siU  be  able  to  access  the  particular  circuit  in 
-gocshttir.,.  Tis  a  resz  bes,  ah  r  caiiteg  op  tbs-  circuit  with  5  keyboard 
ESce raise  rastrccticG  tc  the  processor.  The  operator  will  then  use 
-ts-tr  Jr-t-T.Trr-,^- r.  to  raoceter,  analyze  or  insert  a  test  signal  to  check 
performance,  and  will  itetiate  any  changes  that  may  be  necessary  to 
restore  service. 

r.  €  uvrtenaiyrc.  Taste  focal  -_sers  on  matters  pertaining  to  communications 
— ~ti—  s^rrfoe.  The  itaoi  monitoring  operator  will  coordinate  with  such 
users,  nsaaii?  by  telephone,  and  provide  assistance,  as  required. 

Ee-s>rratico  of  service  to  users,  utilizing  predetermined  alternate 
raeans,  in  accordance  -site  established  NGS  restoration  prioritici-.. 

Upas  less  of  service  or  knowledge  of  impending  outage,  the  status 
— - rc-tc ring  operator  will  oe  responsible  to  take  necessary'  action  to 
effect  restore!  or  continuation  of  service.  The  operator  will  have 


access  to  stored  aata  files  containing  Information  on  priority,  profile 
and  reroutes.  Normal  restoral  action  will  usually  involve, channel 
substitution  with  a  spare  channel;  however,  in  cases  of  link  failure, 
group  restoral  methods  will  be  implemented.  Switching  of  channels 
or  groups  will  be  effected  through  keyboard  generated  instructions  to 
the  processor  which,  in  turn,  will  cause  the  required  switch  matrix 
connections  to  be  made.  These  actions  will  require  coordination  with 
other  ATEC's,  TCF's,  PTF's  and  users,  and,  in  addition,  follow-up 
action  to  effect  normalization  of  circuitry  and  systems  by  coordination 
with  maintenance,  -emote  sites  providing  telecommunications  channels, 
or  commercial  common  carriers.  At  certain  times,  reroute  action  may 
require  preemption  of  channels  assigned  to  users  with  lower  priority 
circuits.  The  lower  priority  users  must  be  notified  of  the  preemption 
action  and  the  operator  will  be  responsible  for  coordinating  the  outages 
with  directly  connected  users  or  with  subordinate  TCF's  and  PTF's  at 
which  the  preempted  circuits  terminate. 

Activation,  deactivation  and  rearrangement  of  circuits,  links,  and 
equipment,  as  directed  by  local  SOP's  (standard  operating  procedures) 
or  as  directed  by  the  Central  Control  console  operator.  The  status 
monitoring  operator  will  have  responsibilities  of  testing,  monitoring 
and  verifying  performance  upon  activation,  and  also  of  coordinating  the 
deactivation  or  rearrangement  actions  required,  according  to  proce¬ 
dures  or  direction  received  from  C  catrul  Control.  The  coordination 
will  be  done  using  the  intercom,  voice  or  teletypewriter  orderwires, 
and  telephones  as  necessary.  The  operator  will  access  the  circuits 
or  channels  of  interest  for  monitor  and  test  purposes  by  keyboard 
generated  instruction  to  the  processor,  which  will  bring  up  the  circuit 
or  channels  on  test  buses  which  appear  at  the  consoles.  The  operator 
will  then  be  able  to  monitor  activation,  deactivation  or  rearrangement, 
as  required,  and  verify  that  what  was  to  take  place,  has  taken  place. 

Preparation  and  entry,  for  report  purposes,  of  narrative  information 
on  unusual  occurrences  such  as  unplanned  station  outage,  or  inter¬ 
ference  on  assigned  radio  frequencies.  Following  determination  of 
such  an  RFO,  the  status  monitoring  operator  will  convey  the  informa¬ 
tics-  to  the  Central  Control  operator  and  also  make  the  required  entry, 
via  a  keyboard,  of  the  necessary  elements  of  the  report  into  the  pro¬ 
cessor 

Coordination  with  remote  HF  transmitter  and  receiver  sites  on  fre¬ 
quency  changes  and  channel  usage.  The  status  monitoring  operator 
will  have  the  responsibility  of  effecting  frequency  changes,  as  required, 
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demodulates  the  baseband  signals  to  the  VF  channel  level.  At  this  point  ail  VF 
channels  (from  both  the  user  VF  charnel  selector  and  the  baseband  VF  channel 
selector)  are  analyzed  to  determine  what  level  is  present  and  whether  or  not  the 
charnel  is  carrying  speech  traffic.  Speech  identification  is  essentially  required 
on  alternate  voice  data  circuits  where  the  voice  levels  encountered  may  be  the 
same  as  the  supervisory  tone  level.  On  other  circuits  (voice  with  no  supervisory, 
continuous  VFCT  or  data  traffic)  the  processor  "knows"  what  is  present  and  can 
more  readily  perform  a  signal  to  noise  measurement;  due  to  the  normal  existent 
wide  range  of  level  differences  between  the  traffic  and  noise  levels.  The  VF 
channel  scanner  converts  the  level  from  the  analyzer  and  assembles  the  informa¬ 
tion,  for  input  to  the  processor. 

All  devices  shown,  with  the  exception  of  the  analyzer,  are  under  control 
of  the  processor,  via  the  processor  I/O  (input-output)  Interface  Unit.  Synchroni¬ 
zation  between  the  processor  and  the  user  VF  channel  selector  as  well  as  the  VF 
channel  scanner  is  maintained  by  the  top-of-sean  identifying  code  in  the  data. 

The  baseband  VF  channel  selector,  which  has  the  cap’  bility  of  random  access, 
maintains  synchronization  with  the  processor  by  sending  the  selection  control 
instruction  to  the  processor  after  completing  the  selection.  The  random  access 
feature  is  required  to  permit  rapid  access  and  analysis  of  any  receive  channel, 
at  the  baseband  level,  when  an  abnormality  is  uncowrf-d  at  the  receive  side  droo 
point.  This  feature  is  the  first  step  in  fault  isolation. 

To  achieve  standardization,  all  digital  interlaces  between  the  d  -vices 
shown  on  Figure  4  are  to  conform  to  MIL-STD-18SB,  standard  ir/erface,  low 
level. 


a.v  Baseband  Voice  Frequency  Channel  Selector 

This  device  is  required  to  dt  lodulate  baseband  signals  to  the  VF 
channel  level  such  that  both  one  group  of  VF  channels  (12)  or  any 
one  VF  channel  of  the  group  is  available  for  subsequent  analysis. 
Selection  capability  of  up  to  five  transmit  and  receive  baseband 
signals  is  required.  Two  baseband  modulation  plans  are  to  be 
accommodated,  one  for  twin  sideband  and  one  for  lower  sideband 
in  accordance  with  CCITT  recommendations.  Manual  and  external 
control,  of  random  access  of  the  group  and  channel  selected,  with 
appropriate  readout  is  required.  A  maximum  demodulation  rate 
of  one  group  per  180  milliseconds  is  required  per  system  require¬ 
ments  developed  in  paragraph  2.1,  Section  HI.  The  demodulation 
performance  characteristics  are  to  be  as  good  as  or  better  than  that 
of  the  receive  terminal  of  the  multiplex  equipment  normally  re¬ 
ceiving  the  baseband  signal.  Input  isolation  from  the  baseband 
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signal  is  to  be  inciadsd  such  that  daring  normal  ope  rati  cn,  or  in 
the  event  of  failure  of  the  device's  irpoi  circuitry,  no  appreciable 
degrzdzt ion  is  experienced  by  the  baseband  signals.  Self-testing 
features  are  required  to  permit  independent  cbeck-ocf  of  the  device. 

User  Voice  Frequency  Channel  Selector 

This  device  is  to  be  capable  of  sequentially  scanning  VF  channels 
such  that  groups  of  12  or  24  channels  are  made  available  for  sub¬ 
sequent  analysis,  inpat  channel  capacity  is  to  be  from  12,  minimum, 
expandable  in  increments  of  12,  op  to  a  maximum  of  720.  Manual 
and  external  control  of  tbs  scan  rate,  including  readout  of  the 
scanner’s  location,  is  required.  Maximum  scan  rate  will  be  one 
group  per  18G  milliseconds  as  in  a.  above.  No  appreciable  degrada¬ 
tion  is  to  occur  to  the  VF  signals  in  passing  through  the  scanner. 
Self-testing  features  are  to  be  provided  to  permit  independent 
check-out  of  the  device. 

Voice  Frequency  Channel  Analyzer 

This  device  is  to  convert  a  VF  signal  to  a  DC  voltage  and  identify 
the  signal  level  eonve>icd  as  speech  or  not  speech.  The  signals 
presented  to  the  device  may  be  VFCT,  data  nodem,  signaling, 
noise  or  speech  traffic.  The  device  is  to  be  capable  of  bridging 
or  terminating  800  ohm,  balanced,  VF  channels  with  no  appreciable 
degradation  to  the  input  signal  whe^  in  the  bridging  mode.  The  con¬ 
version  and  identification  time  is  not  to  exceed  500  milliseconds 
per  requirements  in  paragraph  2.1.  Section  HI.  The  level  sensor  is  to 
exhibit  characteristics  similar  to  the  AF  sensors  described  in  para¬ 
graph  3.1.1  of  this  section. 

Voice  Frequency  Channel  Scanner 

This  device  is  to  be  capable  of  sequentially  scanning  the  VF  channel 
analyzer's  outputs  and  converting  the  DC  level  signals  present  to  a 
digital  serial  stream  of  data  for  inputting  to  the  digital  processor. 
Minimum  input  capacity  is  to  be  14  (two  for  use  on  test  buses), 
expandable  in  increments  of  12,  up  to  a  maximum  of  74  Inputs. 

A  six-bit  level  conversion  is  required,  nominally,  for  incremental 
quantization  of  the  Input  signals.  Two  sequential  inputs  are  to  be 
assembled  into  one  16  bit  output.  For  increased  reliability, 
triple  redundancy  and  majority  voting  logic  is  required.  Manual 
and  external  control  of  the  scanning,  with  scanner  location  readout, 
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is  to  be  provided.  3£sximsm  iraea  rzis  «iH  be  65  insets  per  seecmd. 
Seli-tsstirg  fsztzzres  are  to  he  provided  to  permit  csecfc- 

cat  of  the  device. 

3. 1.4. 2  Digital  Circuits 

Mcsr.toxins;  of  digital  circuits  is  to  be  performed  at  two  points;  a*  fee  DC 
drop  point  ard  at  the  VP  charnel  level.  Figure  5  depicts  the  farctional  iiSercaa- 
nection  of  tits  devices  required  for  mcnitorirg  at  the  V?  charnel  level.  Figure  6 
depicts  the  DC  drop  monitoring  device. 

These  equipments  provide  mcritoricg  of  all  DC  circuits  appearing  at  a 
site.  The  VFCT  tone  scanners  (FSK  and  PSK  types)  provide  access  to  tarocgh 
circuits  by  "breaking-out"  the  tone  channels  from  the  VF  channels  passing  thrtxigh 
the  circuit  patch  and  converting  the  tones  to  DC  signals.  At  th;?  point  the  remote 
controlled  distortion  analyzer  determines  the  total  (peak)  distortion  and  peak 
count  cf  the  DC  signal.  The  results  of  the  measurements  are  assembled  for 
inputting  to  the  processor.  The  automatic  digital  circuit  analyzer  performs 
similar  measurements,  at  toe  DC  drop  point,  for  inputting  to  the  processor. 

Ail  devices  shown  on  Figure  5  are  under  control  of  the  processor.  Both  scanners 
provide  top  of  scan  identification  bits,  for  toe  VF  channel  selection  and  toe  tone 
charnel  selection,  to  maintain  synchronization  with  toe  processor.  Speed  selec¬ 
tion  and  unit  interval  cede  (including  synchronous  data  selection)  selection,  in 
the  remote  controlled  distortion  analyzer,  is  under  control  of  the  processor; 
toe  processor  being  the  device  which  "knows"  the  nature  of  the  signal  being 
analyzed.  To  achieve  standardization,  all  interfaces  between  the  associated 
digital  circuit  monitoring  devices  are  to  conform  to  MXL-STB~18kB,  standard 
interface,  low  level. 

a.  VFCT  Tone  Scanner  (FSK) 

This  device  is  required  to  "break-out"  FSK  tone  channel  from  VF 
channels  and  convert  the  tones  to  DC  signals  for  subsequent  analy¬ 
sis.  The  minimum  VF  channel  input  is  to  be  six,  expandable  in 
increments  of  two,  up  to  a  maximum  of  50  channels.  Due  to  toe 
high  quantity  of  FSK  tone  channels  normally  in  use,  four  tone 
channels  are  to  be  converted  to  DC  signals,  simultaneously.  The 
device  must  be  capable  of  converting  16  FSK  tone  channels  with 
170  Hz  spacing  of  center  frequencies  from  425  Hz  to  2975  Hz  with 
a  frequency  shift  of  +  42. 5  Hz.  The  keying  rate  of  any  one  tone 
channel  will  not  exceed  90  baud.  The  device  is  not  to  add  more  , 
than  a  minimum  amount  of  distortion  (less  than  1  percent)  to  the 
signal  during  the  selection  and  conversion  process.  Manual  and 
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tsna*er3o£  a  rts^rCsssL.  A  zsszhaxz s  sascassiiar  sat  <tf  Sacr  3aac 
smrmirfte  ycr  ensasf  1*  segtasttL  SgS5-4&3fibag  Istosx*  ca  rt- 
storcf  5a*  peggd:  JrsssjeaSfezc  aaaegifc-ggg  a£  £te  &**&£.  Injur  snails 
liar  Iras,  3hs  17  aazcraeQi:  ir  to  ke  isshrSsS  mrto  Sse  aassuS 

aggsasioa.  sc  2s  She  <nvnto  af  fftTtecr  «tf  jgsa  nr  -sg^cass- 

a&i*.  -nggj  ::*;  Jtes  5s  c^rtoiraorf  fry  tor  T7  cthsmasO  n*£is£to. 

k.  «TC7  7*m?  Srrrrrnrr  <?££» 

75c*  rkrsto*  as  atgaarsS  to  7nrcE&-a3rr-  WESL  toa»  rsassass  ±rrcx  77 
■ntostris  esf  •■pto*bt5  tor  taaes  to  SC  aapg 5s  5sr  ssZsex&sst  aasQjasis, 
The  aatoisnniz  Tr  aaassgg  topm  5s  to  be  soar.  eaggadr£5 »  to  iasst- 
mrcto  sf  too.  qp*  to  x  atOMSsnsr  c£  2 2  sgnm?5f-  Car  tout  aanasg3 
as  to  ac  egggierag  xs  a  tans.  7kr  ^Srrto?  ancg  bf  cngafrit*  eg  ose>- 
•sErSsg  22  PSS  tear  caascais  ■s'Sto  2!I»t  2r  spatoag  x2  cacCac  Srsqasn- 
caats  Srair  £3®  2s  to  3€5£  5s  •av2to  z  pfta.-s»  sSg£  c£  ^  54®  -  Tie  SagrSag 
aar  af  amy  gag  dhsrngj  yg  arc  aawe  £<2  caiiA.  The  (fersre  it  acC 
to  xcT_f  toccs  toss  s  astoess-g  xsxccna  -rf  s£ftoctfesr  {i?;ss  toes  5  pec- 
cggQ  to  tor  sSgsn*  dtertog  tor  saesccsas  sad  easia?saeg  peaces^,. 
Jfixsst;  x?d  exsssr- asS  eencrai  wifi:  appssyrstoa  rescbcc  at  tor  tenet 
esasaeS  bitog  oarrs^toc  5s  sessrrad.  A  aasssssz  easrarsiai  rale 
cc  cos  tene  dnzsuari  per  saeccd  is  sac?rto«L  Segf-cesatog  fetosres 
are  rs^jsired  to  pomto  tofageafegc  eardk-arS  oe  £se  osrrtce.  tops: 
5sc-5£Z2cd  frees  toe  Vp  cfesaess  is  to  be  provided  sees:  fe=r  arrtog 
zcretol  coersiicc,  or  to  She  erect  -d  Safe re  c=  topato  cigesitrr.  ro 
apprecisbgg  degrsdntos  is  experisosed  bj  ike  Y?  dbsmei  s^als. 

c.  Hetc-ast  Cectrolkd  DistearSacaa  Asaarser 

Tills  device  is  to  azaljxe  DC  signals  of  ist5k3  ^e©d3  for  ictol 
(peak)  distortio o  and  peak  -oaci,  and  assenibie  the  results  irto 
ASCII  formal  for  as wttitg  to  a  processor.  Siart/stco  or  syn- 
chrcsxxis  DC  signals  operating  at  speeds  of  37. 5,  45. 5,  50. 0, 

56.  8,  51. 1,  7C.2  and  75  band  «itb  up  to  45  percent  distortion  are 
to  be  accommodated.  Hie  measuring  accuracy  is  to  be  ^  2  percent 
for  distortion  and  *  1  count  for  peak  count.  Seif-testing  features 
are  required  to  permit  independent  cbeck-cut  of  the  device. 

d.  Automatic  Digital  Circuit  Analyzer 


This  device  is  to  be  capable  of  scanning  DC  circuits  and  measuring 
the  total  (peak)  distortion,  peak  count  and  average  distortion  of  the 


iCgsgs  yerscat.  Tbir  in ttumaert  csssalb*  at  as  3g  Si-  SC  grtrsatst. 
is^pss&^tm  it  lsr.r.ia>eK  sf  5L_  55*  ii  :  -ucsatasr  r£  131  xamttta. 
SStaaosKmea:  Taye&hly  sf  aora  cag.  ar  rgamfcrasaut  jjjgfct£  s£r- 
au&x  a^r-rtgrr;  an  «pcts»  i<  2T.S»  -CL-S.  SkS.  SL.j..  >%_!_  jrnf 
75  acaf  «*!2fc  in-  at  £5  jssasns  di&tursi&a  it  ms^assl.  Tvn  rumiiia 
s=t  is  tc  xssZtrzsst  jttonaaanrr.?f^y.  Tta  reiiafcr  af  ■**«•  tmasuagsuaCf 

irrr  it  it  laagnrdtef  aafc  ASCS  SaraaC  iadteikuj  Shr  aaaati:  iamgffi- 

iar  mjrtrirng  Vj-  a  pracfcsssur.  7^*s  staStrt  tf  a^gggitar  a=rz 
jaguferag*  ancysr  ±tt  aarils  a£  x£  aairanln  -satSvaefL  sad  sr.nsxr  ass 
rtnuitf  acC?  ra  feaa?  turtudi*  -vanst  acrr  <ctga«dw£-  a  $>«u«gs.gg 
tbcggiiciffL  Sigasanz  fertsanirf  ia^Hrijax-  at  eadr  argue  is  ratyUred- 
IStaaarggtaa:  xcaairary  if  i*>  i»?  -  2  twnaiE  at  $psafc3  ■fHaarrsiat. 
-  2  pgrsgffi  at  x&smigt  &sszi race  cat  -  :  sssac  -as  peak  aoatt-  Inter 
asaaranr  tma.  zar  SC  caranCs  is  ss*  be  pwosi  sms*  its:  dtnrsrr 
acczu&I  qperrcast.  ar  st  Sis  craze  af  bifltcrs  af  tSe  apse  csrsaTry, 
as  sgpresanxi*  dsgrhfbtTanr  sf  ssgerasatsd  by  5bt  SC  Euxpi-.fi*  . 


3.5.5  Tesbrag 


Tie  tesSzsp  rzigsuresMsCs-.  is  dscarzrzasd  ss  die  Clasrc:  Saras-  VcssSsrdg 
Study  as4,  Satssa  IX.  cssitfe  i  aasSa-garestisSar  iesc  rahs*r  azd  iszca^st  aa??e 
cazster.  Beta  der-fess  ire  to  re  3*fec  ec  is  -x-z-hze  basis-  Tit  'csa^-pxrasxesar 
cast  azasgaer.  *isb  its  arcannc  capzscsS^  :o  prior's,  sa^ysbs  as  x  rg-raSS’.-gj?  shert 
tLze  petted.  zszy  pcssasfi?  re  ezzgscyee  rasnScrsiy  a*  xSs  c trsz-ZS.  £s  p-Lrairy  see. 
icsswr,  siccus  be  :&  perfans  Jae  rcrssil  perjaSr  r'crire  circcrr  rsirrcesEsce 
£±e<±s.  £s  rsraod  coerarscc  ire  prcxccr  a?  resrihs  fesSsre  (ro  seed  iaz  zs  ccesaaxr 
so  read  mesers  ~=-^  srsterprec  vzsdhs)  sieck:  pstyie  i  ’rai'sbie  toes  ts  circsiS  testeg. 
Tbs  syssem  -design  effort  aiso  rsrseskd  aeed  lor  esse:  s&s&g  dsrrie&s,  ssfes 
rrsr  be  cxzssfered  sssndard  cG-sae-sbeif  ecpipssaSs. 

3. 1. 5.  i  Votes  Frecsercr  C2t2nre?  -Faraiseter  Test  Analyzer 


This  device  is  to  consist  of  a  test-transmitter  ass  analyzer  for  perform¬ 
ing  multi -parameter  tests  of  VT  circuits.  Frovisicsis  are  recnired  to  permit 
coiiocaiisg  or  separate’,  j  ioczucg  the  transmitter  and  analyzer.  Loop-back  testing 
capability  is  required  (testing  incoming  and  outgoing  circuits)  as  well  as  single 
direction  testing.  Parameters  to  be  measured  include  line  loss,  frequency  re¬ 
sponse,  envelope  delay,  signal -to-noise  ratio,  non-Unear  ampli.ler  distortion, 
frequency  offset  (translation)  and  short  term  frequency  stability  (phase  jitter); 
manual  (via  associated  teletypewriter)  or  automatic  (via  an  external  processor) 
operating  capability  is  required.  All  input  control  data  and  output  test  results 
are  to  be  in  serial  form.  Circuit  measurement  time  is  not  to  exceed  one  second 
and  capability  for  manual  (patching)  or  automatic  (external  switching  device) 
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syfg 


3K  «£  ilEST  . 


Standard  05- T^t— Shelf 


■fcrcrftng  C&tsjS:  Test 


ihaaaacacare 
Sageass  reds*  ox star 
VTYSt  xad  rccss  saecar 
TC  seser  SKsal&r  srrsciSeT 
Ap  ssgzai  generator 
ESrveJcpe  delay  sreg/arrisg  set 
Spset ram  asalyeer 

FTecGercy  selective  voltmeter 


3fco*S  3uisz£gs 

ScrShsKsS  ZlksataasKs  7iS4SA.  cr 
eartrajggg 

EP  35553,  cc  « jssraSssc 

T&^aawgEsi  4233,  os-  ecysraascS 

EP  S5SG.  or  eepr  •aasefi 

SSerra  34d3,  or  eorrva-ecs 

Sierra  355.4,  or  equivalent  (rsed 
with  I2£A,  below} 

Sierra  123A,  or  equivalent 


3. 1. 5.3  Standard  On -the -Shelf  Digital  Test  Equipment 


The  testing  requirements  as  determined  in  the  Circuit  Status  Monitor¬ 
ing  Study  task.  Section  IX,  Include  a  manually  operated  distortion  analyzer  test 
set  and  a  bit  error  rate  tester  (Data  Transmission  Test  Set).  Both  these  items 
are  readily  available  as  off-the-shelf  items.  Listed  below  are  manufacturers' 
model  numbers  (or  equivalent)  which  can  meet  the  functional  requirements  of 
these  equipments. 
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2-2  SgiBa^rggg  ygsaagg 


Basfcgyxgif 


Tbs  pErpcse  of  A*  ATS C  pysarrg  hofThiys  s£  is  pmssuds  zaatscrasad  33d 
actasisl  qcrnrrig-  accdachag.  £2d  s?a£3ng  for  Se  gpmggs.  tos*  gaaasas-  &20  DC 
c?T3£225  senrfosd  fey  231 ATBC  egsEgr.  Tbea  feg?5s>*»-s;  arse  h*j?s  saxesseS  ss> 
4rs2jr  oarri75*rri*gc  smd  agrees  Jae  ATEC  sssrssairg  sad  jas&rrg  operuacsaf  ca>- 
ce5£s  dnessped  is  gr&cfrhhg  secSSsrs  ed  fe=s  redact.  Tbs  purpose  cd  fers  pans- 
gszpss  2s  is  deasrrebe  tbs  racassesisd  fosSSy  cmfrgsr^r.-gs  ^■=rS  Ss  mechcds  if 
aEsdssie  a=?feraa2)CE5sa3  sefeess?  ss  beipg  the  z&zz  ccss-e&c^S^e. 


Tb»  cstir-rg.  =3si2is§  srcc&zm  is  tanresgggec  ss  decaf  23d  cs  discsssaS 
is  Ssse&as  XHL  7=e  sajor  dsfSaihy  esccgscered  re^srie  to  rzr.rs—r*^.  rsr^-'~ 

-us  the  eccrpmerg.  size  aid  eor^pfexity  znd  com  rspared  *2  spc^feir  to  zpprcach 
the  eagres  of  SexSiSitr  afforded  by  cisncaf  pstoheag.  A  sinptflad  reetaegsfer 
sx  itching  raatrtx  which  espials  fee  rer?«»sr-g  arrest  — ,-=sr--;  psScfeiag  gocipasst  es  Qgad 
bfiitj  (£ST  ecsaed  peers  to  any  ceber  crese-l  pairs)  is  diz&d&j  proportiecal  tc  srsr 
to  tie  sazare  of  tbs  somber  of  poerSs  to  be  connected.  Also,  aadfog  eae  more 
p=K2f  aieeg  each  safe  of  a  fz&triz  which  already  ccctairs  x  comber  of  posts  oe  a 
side  resaris  in  the  addition  <2  a  total  camber  of  2  x  -  I  additicca’  crosspoists. 

As  a  resalt,  the  cost  also  increases  by  approximately  the  same  actor.  The 
efforts  documented  order  Section  X7TI  attempted  to  optimize  switch  size  and  cost 
fay  esta fai ish ; Eg  a  lz rn 0  v  of  ;~jLHpm<>Riailv  sized,  three  stsge,  ssce  divisks  matrir 
modules  as  standard  elements  and  employing  links  between  these  modules  to  ob¬ 
tain  a  switching  complex  of  reduced  size  aid  complexity.  As  a  result,  flexibility 
must  be  sacrificed;  i.e. ,  a  certain  reduction  in  capacity  and  a  certain  amount  of 
Mocking  must  be  accepted.  The  capacity  can  be  typically  2G  percent  of  the  total 
number  of  circuit  appearances,  since  this  number  generally  exceeds  the  number 
of  patches  required  to  be  in  effect  at  a  given  time.  The  blocking  probability  can 
be  typically  .  01  with  the  switch  already  activated  for  20  percent  of  the  circuits. 


decaf  23d  cs  discsssed 


mnxc 


Ax  a55*2taiSSrx  <sl  2i£s  igpraetdb  z»  &*  Fsdhr  site  iar  fie  txpsp- 

^T-^ymrrre  3230*35  5jf  3*&as  X.  ShSfflC  £.  cf  SiCSSgi  IT.  V*X&£  TVBXSt  St  Z 
sss^pagacKC  a£  srafcfiag  g^rfipngiac  rttyrtfirg  jpjprndfisraSy  12$  cuifrfiacs  tad 
■g&had  as  aggcssfiauagig-  2.  4  nd-ulnr  feSzrs..  £:  ferptemgaad  -srafi  rsed  rs^srs. 

31  is  fie-gibee  cgigggg  fia2  easr  fids  raSaato  ScdtGir  sarSdlagg  Xy£cu«idh  is 
5gg  jssss32i2_  ParfeET  ta  asfitcs  •«*-*  yn*  a*?  cor§a2^T  is  ccfier. 


fSe  g>*^5*  gpprorciz.  aisiJSr'asi  nbov*.  fe^xuapsi  syfex  oocnies. 

/r^pg^iv*  cc  322  rfirsfifi.  Far  z  gnsCsbr  c£  zgprz&zszttfr  15D3  carrcTh? 

^rjfiati  af  FxfifiJ.  fiose  <&  ferns-  sedate  «xc3£  be  rsecfigd.  Tbe  cnpabSi:?  cc 

j^rH5*  aJO^»  if  25P21Ca3  c'Z'TTf^T  jar  -p,'ii;'.3»<prr}»Trt  2SS"  5~^~; '•  h&Z&&SSt 

tr*~r-  Bbjsc  S12  cirrrf:  sar-teas  »,  is  rsElfiy.  z  oanfbg-mnsas  of  z  ssrjja  aszber 

CEf  SmzSgT  wnr^r-rr—  3s  aaSfiat,  fees?  ejggagCS  222  ZITSJgSd  ZO  iSTZZ 

z  firsss-^zg*:  sts^tfifiE  nffirrbz.  5*gee.  fie  sirs:  fxag?  cmasa^s  of  32  fierrjfeai 
sfemEiCa.  <***t?fr  being  d  a  !c  i  3  tr?2  ag-tdefi.  Tbs  rzprr.s  to  be-  sarisfiad  zre 
cceck&zo  to  fie  ■’IS’"  safe  pS  2  52  =  ill  trzvzsy.  The  Sara  stage  coexists  a£ 

32  badb&fbau  ?  1  iSos,  arSfi  cr.tbpra  ffe  be  SAijlfi^c?  cocsscied  to  fie  "5©~  safe 
pS  1 32  =  Hi  co2xC3^.  The  seamd  stag*  cocstsas  of  egfit  fi*£rrid>ss1  22  x  32 
gS~-T«»rrga-  fie  fiZSICfig  leSS=SSZ  fig Cfe  (Sfigg  1)  E23  OXggtS  $StZge  2). 

Ybfe  ccsfSggssSBcr  .  when  so  iefe  fie  trzngtnit  gg  recene  safes  of  fie 

3gg2ct±=sislT  ii  '  •>>  ezrz tfirs.  resefis  *2  £  total  of  93,224  erasspeizes  2nd  reosirgs 
34  eaaftenesz  czsxzrts,  jest  foe  ssaossgSssg  ad  cartarfi  pabebstg.  sad  not  ficsnd?=g 
prfazzry  psfeibfig.  .X  ptfidaftag  sai  gtxcp  psficfiE- 


A  gagre  1 


be  dbcsl aad  ay 


sac 


p— <A?jrg  t^-tv>r  <sgfg.3-fe  rsafeks  (sacs  azacfiiSe  c=  64  circuits}.  i=  fils  zrrzsge- 
roefi  fie  aafiber  cd  srodsfes  is  ccviccshr  ficressad;  i.e. ,  sstc  sodaies  are  re¬ 
adied  to  sccggsna&fig  tie  3 12  circcdts  bsadfed  by  fie  nr>rrH>2?ly  cossifered 
gg-ifia  r^rbi>»  {512  circHat  sxsfifelsj,  2^  24  medaies  are  readied  to  scocsEisodate 
fije  1550  circuits  ocesidered  aberre.  !i  acteal  laesigts,  the  64-cfirsii  cuafele  is 
reaiiy  larger  fe.g. ,  72  circuits),  iherecy  proridkg  for  eight  tfier-modnLe  trunks. 
Hesse,  this  cccfigniatias,  zrhss  applied  to  1509  sesd  aad  1500  receive  circuits, 
results  in  a  total  of  arortzcucaiely  43, 200  crosspolxds,  aad  requires  approxi- 


Tbe  space  requirements  of  the  above  configurations  forced  a  further 
consideration  of  the  utilization  of  solid  state  switching  elements  in  lieu  of  the 
magnetic  latching  reed  relays  considered  in  the  above  discussion.  The  primary 
advantage  of  reduced  space  requirement  if5  considered  to  outweigh  the  disad¬ 
vantages  of  the  solid  state  switching  element.  The  disadvantages,  as  indicated 
in  Section  XD3,  are: 


a.  Battery  required  for  connectivity 

b.  Not  capable  of  hare? ling  group  frequencies 

c.  Conversion  of  analog  signals  to  digital  required 

d.  Ko  “ire  redaction  for  2 -wire  circuits 

e.  Greater  power  required  for  crosspoint  holding 

f.  More  logic  and  control  circuitry  required  (Reference  Table  IX 
of  Section  XIII) 

Ice  preferred  solid  stare  approach  Section  XIII)  required  that  the  signals  be 
digital  for  switching  parposes,  and  accomplished  digitalization  of  analog  signals 
via  False  Width  Modulation  (PWH),  Investigation  of  design  possibilities  relative 
to  using  this  solid  state  switching  element  indicates  that  optimum  packaging 
greatest  space  conservation)  can  be  obtained  by  employing  a  switch  module 
capable  of  96  circuits.  Again,  12  of  the  ports  are  required  for  intermodule 
trunking,  leaving  only  84  ports  for  circuit  connections.  In  reality,  then,  each 
switch  module  accommodates  84  circuits.  Hence,  for  the  1500  circuits  men¬ 
tioned  previously,  a  quantity  of  18  switch  modules  are  required.  Also,  three 
additional  switch  modules  are  required  to  provide  intermodule  trunking,  thus 
resulting  in  a  total  of  21  switch  modules  (42  for  both  send  and  receive).  Each 
switch  module  is  composed  of  a  number  of  individual  smaller  modules  arranged 
to  form  a  three-stage  switching  matrix.  In  summary,  each  of  the  first  and  third 
stages  consists  of  a  quantity  of  twelve  8x2  matrices,  while  the  second  stage  con¬ 
sists  of  a  quantity  of  two  12  x  12  matrices.  Therefore,  42  switch  modules  wiil  re¬ 
sult  in  a  total  of  28,424  cro3spoints,  and  will  require  10-1/2  equipment  cabinets. 
This  is  an  appreciable  reduction  from  the  43,200  crosspoints  and  the  associated 
26  cabinets  required  for  the  reed  relay  approach. 

The  quantities  of  crosspoints  and  of  equipment  cabinets  as  established 
above  are  those  required  to  provide  for  circuit  patching  of  a  quantity  of  1500  VF 
channels.  This  is  the  quantity  of  channels  existing  at  the  Fuchu  site,  which  is 
considered  to  be  one  of  the  largest  stations.  Upon  closer  examination  of 
actual  usage  of  the  circuits,  and  taking  into  account  the  cost  (approximately  $10 
per  crosspoint)  of  the  required  switching,  it  becomes  apparent  that  it  would  not 
be  technically  effective,  nor  cost-effective,  to  provide  switching  for  all  circuits. 
Investigation  reveals  that  of  the  approximately  1500  total  VF  circuits,  at  least 
450  are  switched  trunks  terminated  on  the  collocated  tandem  switch.  Such 
channels  are  selected  by  the  tandem  switch  providing  automated  patching 
(switching)  at  the  circuit  level,  w'hile  the  ATECF  is  effectively  duplicating  an 
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existing  capability,  Also,  of  the  approximately  1500  circuits  mentioned  above, 
about  75  to  80  are  AUTO  VON  trunks  connected  to  the  collocated  AUTOVON  swiu.h. 
These  circuits  are  segmented  into  small  groups  at  the  ATI  CF  circuit  patch,  ewicch, 
and  require  only  a  limited  switching  capability  at  this  point.  Hence,  c.f  the  1500 
circuits  only  about  1000  need  be  provided  with  switching  c?oability  at  the  ATECF 
circuit/patch/switch.  For  this  reduced  numbs  ox  circuit?,  the  above  solid  state 
switching  approach  reduces  to  approximately  10,000  crosspoints,  requiring  sever, 
equipment  cabinets.  It  should  be  noted  that  a  separate  additional  cabinet  is  needed 
for  the  required  switch  controller. 

The  solid  state  matrix  approach  to  the  circuit  switch,  as  described  afiove, 
is  considered  to  be  near  optimum.  However,  it  is  still  relatively  costly,  nearly 
$200, 000  (at  an  estimated  $10  per  crosspoint),  and  requires  a  total  of  eight  cabi¬ 
nets.  It  also  requires  a  major  additional  item  for  support,  namely,  a  storage 
battery  capable  of  maintaining  all  activated  connections  during  a  major  power 
failure.  The  actual  switching  requirements  could  be  further  reduced,  however, 
by  providing  switching  for  only  selected  circuits,  that  is,  for  only  high  priority 
circuits  or  for  circuits  selected  on  some  other  restricted  basis. 

A  careful  examination  of  the  other  candidate  areas  (patch  bays)  for 
application  of  automated  patching  has  been  accomplished  with  the  objective  being  - 
to  minimize  switching  requirements.  Consideration  was  first  given  to  the  ATECF 
primary  patch.  This  patch  facility  is,  in  most  cases,  nearly  as  large  as  the  cir¬ 
cuit  patch,  and  would  thus  require  a  comparable  switching  complex.  However, 
function  of  the  primary  patch  is  primarily  that  of  equipment  substitution.  That  is, 
when  used  in  conjunction  with  the  circuit  patch,  a  spare  or  preempted  line  condi¬ 
tioning  equipment  lan  be  substituted  for  a  failed  unit,  or  inserted  into  a  channel 
when  deemed  necejssry.  It  should  be  noted,  though,  that  only  certain  combina¬ 
tions  of  line  conditioning  equipments  and  VF  channels  are  permissible;  there¬ 
fore,  complete  interconnection  capability  is  unwarranted  for  this  purpose.  Hence, 
it  would  suffice  to  group  channels  according  to  line  conditioning  requirements  and 
to  provide  switching  c.ipr  bility  so  that  one  or  more  spares  of  like  conditioning 
equipments  could  be  connected  to  a  charnel  (of  the  group)  when  and  as  required. 
This  would  greatly  reduce  the  switching  requirement,  and  would,  in  fact,  result 
in  a  configuration  equal  to  about  one-fourth  the  size  and  cost  of  the  circuit  switch¬ 
ing  configuration.  However,  further  investigation  reveals  that  the  line  condition¬ 
ing  equipments  have  relatively  low  failure  rates;  hence,  the  rate  of  substitution 
for  this  purpose  is  very  low.  It  was  therefore  concluded  that  automated  patching 
(switching)  would  not  be  cost  effective,  and  should  not  be  provided  for  the  ATECF 
primary  patch. 


-  Cossi-Ss  ratios  was  next  given  to  the  A  TEC  facility  DC  patching  require- 

|  masts.  Ths  DC  patch  bay  provides  access  to  DC  circuits,  and  as  such  provides 

|  2  fcastiea  for  DC  circuits  similar  to  that  provided  for  VF  circuits  by  ths  circuit 

|  patch  bay.  Tbs  frequency  of  patching  at  the  DC  patch  bay,  however,  is  much  greater 

j  fisa  zt  the  circuit  patch  bay.  This  is  due  primarily  to  the  requirement  for  greater 

j  qs£s..tj  relative  io  digital  traffic.  That  is,  minor  degradations  in  transmission  quality 

«  -K2222  in  a  vodce  message  are  smoothed  out  by  the  human  ear  wiil  appear  ad  message 

,  error?  sa  digital  trxfSe.  Also,  the  greater  number  of  equipments  involved  in 

clgisai  cocairggscgticBs  (modems,  VTCT,  regenerators,  etc.)  to  derive  digital 
I  chnaeis  from  voice  channels,  as  well  as  the  greater  prevalence  of  encrypted 

*  trviSc  {£sd  associated  equipments)  on  digital  circuits,  will  result  in  a  greater 

’  need  for  DC  patching.  Therefore,  If  switching  is  considered  for  circuit  patching, 

it  sri soM  be  given  eves  greater  consideration  for  DC  patching.  It  is  recommended 
first  preference  be  given  tc  aotoeiatsd  DC  patching.  Relating  this  requirement 

-  to  ths  Fccce  site,  it  was  determined  that  a  capability  for  DC  patching  be  provided 
lac  abaca  7£0  DC  circuits.  This  is  considered  to  be  the  largest  site  requirement. 

,  The  ?ccra2.-£±  to  switching  for  the  DC  patch  is  the  same  as  that  fer  the  circuit 

pitch  easa-sc  that  as  modulators  or  demodulators  are  required,  since  the  signals 
xre  already  digital  It  is  s.  pessary,  however,  to  provide  a  converter  module 
icc  each  cctpgt  of  the  switch  in  order  that  signals  coming  out  of  the  switch  will 
a sgaii  be  Low  :erei,  :s  accordance  with  IQL-STD-IoSE.  The  low  level  input  to 
the  s-wirch  will  be  accepted  directly.  la  order  to  provide  switching  for  all  700  PC 
crrsuSta.  a  meal  sf  a  beet  13,  iP>j  crosspoists  2  re  required  (5123, 0C*0),  in  4-1/2 
cahi-rei-s  puas  a  switch  ccatrolier  cabinet-  Again,  as  in  the  case  of  the  circuit 
caeca.  tats  *wttcs-ag  reoairemest  can  be  farther  reduced  by  providing  switching 
-cuy  Ssr  selected  es:  rails  ghsgh  priority,  special  circuits,  etc.). 


Tar  reoriremecc  for  gram;  switching  was  considered  last,  primarily 
escaoje  i_  is  socnewiai  tsiferesi  from  the  «ther  reeijrements.  The  major  points 
rf  ccccerr  are  tie  big*,  sigra;  freq-sencies  and  the  ic .  signal  levels  inherent  in 
grrup  patr-tL-ig.  Tie  pocecCiil  io.  iatermod  distortion  asd  crosstalk  problems, 
aa  1  -sis— t  :  i  csrag  sclid  state  elements,  establishes  a  high  preference 

ft  *  me  raa .  re-lav  for  tits  apc-Iicasioa,  in  sp;te  of  its  inherent  increased  sonce 
•'iou-reme  tr..  fact  that  fat,  -  pev  -i.  switching  elements  will  then  exist  within 
tr.  A'.'rd  -lity  if  a  Lesser  irxortsnct  user,  me  requirement  for  technically 
tHicz.  -i  arc  ccsc-eSeeriT*  system  assign.  If  the  rec?uirem=ss  of  the  Fuchu  sits 
tre  i-n-a  run sjO&tzc,  lo-sd  that  aprroximateiy  *50  groups  are  available  for 

rvmiii-nr  Coosadenrjg  the  tr-gmal  road  relay  matrices  of  64,  125,  256  and  512 
pers  me  _ii  txrt  rmt  _e  «mcr:«.  r.ste  Recalling  that  this  matrix  is  a  three- 
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crosspoints, 
ts  that  it 


ewitchable  to  any  other  group  within  ita  associated  supergroup  or  within  any  other 
supergroup.  The  supergroups  may  be  within  a  single  baseband  or  distributed 
among  several  other  basebands.  A  more  technically  effective  switching  configu- 
ration  for  110  groups  would  be  a  three-stage  110  port  matrix.  Stage  1  would 
consist  of  11  individual  10  x  4  matrices,  stage  2  would  consist  of  four  individual 
11  x  11  matrices,  and  stage  3  would  consist  of  11  individual  4x10  matrices. 

The  result  is  2728  crosspoints  requiring  three  cabinets.  This  is  somewhat  more 
than  the  2048  crosspoints  (approximately  $7000  additional)  contained  in  the  previous 
configuration,  which  employed  the  128  port  matrix.  The  improvement  in  cap¬ 
ability,  however,  is  significant.  The  amount  of  blocking  has  been  nearly  halved, 
and  compatibility  is  considerably  improved. 

High  priority  channels  are  expected  to  be  grouped  or  concentrated. 

That  is,  all  highest  priority  channels  within  a  given  baseband  are  to  be  located 
within  a  single  group  (one  or  more,  additional  groups  may  be  required,  depending 
on  the  number  of  channels);  hence,  upon  failure  of  group  equipment,  a  lower 
priority  group  may  be  preempted  to  support  the  higher  priority  group.  Similarly, 
where  link  degradation  is  experienced,  the  lower  priority  groups  may  be  dropped 
and  only  the  highest  priority  groups  retained.  The  switch  configuration  described 
above  specifically  provides  for  this  capability.  That  is,  the  individual  10  x  4 
matrices  provide  terminations  for  the  10  groups  that  make  up  two  supergroups, 
and  permit  the  connection  of  up  to  four  of  these  groups  (two  from  each  supergroup, 
four  from  one  supergroup,  etc.)  to  four  other  group  channels.  In  addition,  manual 
patching  at  the  group  level  is  still  retained  in  order  to  provide  back-up  in  the 
event  of  switch  failure,  and  to  bundle  the  overload  in  the  case  of  mass  failures. 

The  applicability  of  switching  to  both  supergroup  and  baseband  patching 
was  also  considered.  Since  the  number  of  supergroups  and  basebands  at  a  given 
site  is  relatively  small,  the  required  switch  could  also  be  relatively  small.  How¬ 
ever,  the  advantages  to  be  gained  from  the  implementation  of  switching  at  these 
points  would  be  primarily  restricted  to  patching  speed.  The  other  advantages 
mentioned  previously  would  be  of  less  Importance  at  these  points  because  of 
their  small  number  and  simple  patching  configuration.  Even  if  switching  were 
desired,  a  major  deterrent  exists,  which  precludes  its  cost  effective  and  even 
technically  effective  implementation.  This  deterrent  exists  because  accommo¬ 
dating  (via  switching)  the  high  frequencies  and  low  levels  associated  with  the 
communications  signals  at  these  points  i3  not  readily  accomplished.  In  addition, 
the  loading  effects  caused  by  the  introduction  of  switching  at  these  points  can 
cause  serious  degradation  of  the  normal  communications  signals.  These  problem? 
~  on  tribute  to  a  very  high-cost  switching  for  supergroup  and  baseband  switching. 

The  refers,  it  is  recommended  that  switching  not  be  implemented  at  these  points 
because  of  the  technical  and  cost  problems,  as  well  a&  the  minimum  gains  to  be 
obtained.  Instead,  eife-s  and  funds  should  be  concentrated  on  improving  patching. 


3.2.2  General 


There  are  four  patching  facilities  required  for  ATEC:  group,  circuit, 
primary  and  digital  (DC).  By  design  there  is  considerable  commonality  of  func¬ 
tions  and  hardware  throughout  the  four  facilities.  In  this  paragraph,  the  major 
functions  will  be  described  first,  to  establish  definition  and  understanding,  prior 
to  the  facility  configuration  discussions.  The  principal  characteristics  of  the 
switching  and  patching  facilities  are  outlined  briefly  below,  not  necessarily  in 
any  order  of  Importance. 

3 . 2 . 2 . 1  Sealed  C  ontact  Jacks 

Sealed  reed  relays  will  replace  the  open  point  normal-through  contacts 
used  in  conventional  jacks.  These  relays  will  not  be  an  integral  part  of  the  jack, 
bui  will  be  actuated  by  control  signals  generated  by  patch  cord  insertion.  The 
only  open  contact  surfaces  will  be  between  the  plug  and  jack  surfaces  (tip  and  ring). 
This  concept  of  manual  patching  will  substantially  reduce  the  system  noise  gener¬ 
ated  by  dirty  and  corroded  normal -through  contacts. 

3 . 2 . 2. 2  Cord  Scanning 

Insertion  of  a  cord  into  a  jack  will  generate  a  level  which  will  be  sensed 
electronically  through  a  solid  state  cord  scanner.  This  scanner  will  deliver  cord 
insertion  and  removal  data  to  the  ATEC  processor  to  aid  the  Tech  Controller  when 
manual  patching  must  be  resorted  to.  Every  jack  in  the  ATEC  patching  facilities 
is  to  be  afforded  electronic  cord  scanning. 

3. 2. 2. 3  Normal-Through  Connections 

Every  normal  line-side  to  equipment-side  through-connection  will  be 
completed  through  a  reed  relay.  This  relay  is  actuated  through  local  matrix 
control  by  processor-generated  patching  Instructions. 

3. 2. 2. 4  Monitor/Test  Connections 

Several  monitor  and  test  trunks  are  bused  to  all  2-wire  circuits.  A 
monitor  trunk,  with  its  associated  high  impedance  test  device,  is  bridged  across 
che  circuit  to  be  monitored  when  the  selected  reed  relay  crosspoint  is  operated. 

A  test  trunk  opens  and  terminates  the  circuit  when  the  reed  relay  crosspoint  Is 
operated.  A  test  trunk  can  be  used  to  inject  test  signals,  such  as  tone  or  ''FOX, " 
into  many  circuits  simultaneously. 


3. 2. 2. 5  Solid  Stats  Patching  Matrix 


A  processor  directed  space  division  matrix  will  effect  line  side  to 
equipment  side  patches  to  any  one  or  more  two  wire  circuits.  The  send  and 
receive  pairs  of  a  typical  4-wire  circuit  can  be  switched  independently.  Since 
t’  e  matrix  crosspoinfcs  are  digital  (a  4-crosspoint  MSIC  is  used)  voice  band 
analog  circuits  are  digitized  at  the  input  and  reconstituted  at  the  output.  Digital 
signals  need  only  be  level  converted  (up  or  down)  in  order  to  be  switched.  The 
three-stage  matrix  can  be  optimized  for  a  statistical  number  of  simultaneous 
patches  that  it  can  sustain  at  a  specified  probability  of  blocking.  Blocked  patches 
are  then  put  up  manually. 

3.2.2. 6  Reed  Relay  Group  Patching 

Because  of  the  bandwidth  Involved  the  group  signals  cannot  be  switched 
through  a  digital  solid  state  mainx.  Therefore,  a  reed  relay  matrix  will  be 
employed  to  provide  a  comparable  processor  directed  patching  service  for  group 
signals. 

3. 2. 2. 7  Relay  Hardware  in  Patch  Bays 

The  relays  for  the  normal -through  and  monitor/test  connections  will 
be  mounted  on  printed  wiring  boards.  These  boards  will  in  turn  be  mounted  in 
the  same  cabinets  as  the  jacks  with  which  they  are  associated.  The  average 
cabinet  will  contain  jack  sets  and  relay  boards  for  120,  4-wlre  circuits. 

3. 2. 2.  8  Switching  Matrix  Blocks 

The  basic  building  block  for  the  solid  state  patching  matrix  will  switch 
up  co  96  circuits.  Printed  wiring  boards  can  be  deleted  to  the  extent  necessary 
to  equip  me  matrix  downward  for  less  than  96  circuits.  Up  to  six  blocks  can  be 
grouped  iE  a  cluster,  with  a  seventh  block  serving  as  the  point  of  interconnection 
between  the  blocks.  Two  or  more  clusters  may  be  trunked  together  to  establish 
a  facility  in  excess  of  1000  circuits,  or  to  create  a  "split  patch  facility. "  Four 
9S-line  blocks  will  be  contained  in  one  matrix  cabinet. 

3. 2. 2. 9  Group  Matrix  Equipment 

To  minimize  wire  lengths  and  stubs,  the  group  switching  relay  boards 
will  be  mounted  in  the  same  cabinet/rack  wivh  the  mux  and  channel  equipment. 
This  switch  will  be  partitioned  into  small  blocks  appropriate  to  each  cabinet, 
with  limited  trunking  between  cabinets. 


3.2.3  Switching  Functions 


3 . 2 . 3 . 1  Jacks  and  Normal-Through 

The  method  for  utilizing  reed  relays  to  replace  open  contacts  on  the 
jacks  in  shown  in  Figure  ?.  Belay  K1S  will  open  when  a  DC  control  circuit  is  com¬ 
pleted  through  the  cord  sleeve  to  the  equipment  side  jack  of  another  send  circuit. 
The  comparable  relay  (K5S)  of  the  other  send  circuit  will  also  open.  While  K1S 
is  open  it  terminates  the  circuit  coming  from  the  right.  K5S  operates  in  like 
manner  when  a  cord  is  plugged  into  the  line  side  of  another  send  circuit.  The 
same  arrangement  works  between  receive  circuits.  Cords  are  patched  between 
the  line  and  equipment  sides  of  different  circuits,  and  L  to  L  or  E  to  E  on  the 
same  circuit  fir  a  locp-back. 

Relay  K3  is  the  normal  through  contact,  and  is  remotely  (processor) 
controlled.  Relays  K2  and  K4,  also  remotely  controlled,  provide  access  to  the 
switching  matrix.  To  patch  the  receive  circuit  through  the  matrix  to  another 
termination,  the  ATEC  processor  first  directs  the  local  switch  control  to  close 
K2R.  This  action  automatically  opens  K3R  at  the  same  time.  If  a  4 -wire  patch 
is  being  implemented,  K2S  is  also  closed,  causing  K3S  to  be  opened.  K3  is 
interlocked  so  that  it  must  open  when  either  K2  or  K4  is  closed.  While  K3  is 
open  the  two  legs  of  the  circuit  are  each  terminated  in  the  solid  state  patching 
matrix.  K2,  K3  and  K4  are  magnetic  latching  and  are,  therefore,  pulsed  open 
and  pulsed  closed  -  no  holding  current. 

Relay  K6  provides  a  way  for  the  processor  to  put  up  a  send  to  receive 
loop-back  patch  within  a  4~wire  circuit.  The  K2  and  K3  relays  must  be  opened 
before  closing  K6.  By  placing  K6  between  K1  and  K5  the  relay  loop-back  can  be 
bypassed  by  any  line  side  cord  patch.  A  send  to  receive  cord  patch  is  also  possi¬ 
ble  because  of  the  polarities  on  the  coils  of  K1S  and  KIR. 

3.2.3. 2  Monitor  and  Test  1  ranks 

The  utilization  of  reed  relays  for  the  monitor  and  test  functions  is 
illustrated  in  Figure  8.  Two  typical  trunks  are  shown.  These  relays  are  mag¬ 
netic  latching,  and  are  pulsed  open  and  pulsed  closed  through  the  local  matrix 
control  from  remotely  generated  monitor  and  test  instructions.  A  test  trank 
.an  be  connected  tc  many  lines  at  once  for  the  piupose  of  injecting  a  common 
test  signal,  such  as  "FOX"  or  a  standard  tone.  The  number  of  simultaneous 
connections  is  limited  not  by  the  switch  but  by  the  drive  impedance  of  the  test 
signal  source.  When  a  test  connection  is  made,  a  substitute  load  impedance 
is  switched  in  to  terminate  the  source. 
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3. 2. 3. 3  Cord  Scanner 

The  K1  and  K5  relays  {see  Figure  8)  contain  a  control  contact  not 
shown  in  the  diagram,  omitted  for  graphic  clarity;  and  because  the  same  function 
may  be  accomplished  by  an  auxiliary  contact  on  the  jack  itself.  When  the  relay 
is  actuated  this  contact  closes  ground  to  an  integrated  circuit  multiplexer.  The 
multiplexer  is  commutated  periodically  by  the  cord  scanner  common  control. 

This  control  recognizes  when  a  cord  is  inserted  or  removed,  and  forwards  this 
information  to  the  ATEC  processor.  In  an  alternate  mode  the  scanner  will 
continually  inspect  only  those  jacks  for  which  it  has  received  addresses  from 
the  processor.  The  processors  utilize  the  scanner  returns  to  inform  the  Tech 
Controller,  through  his  display  console,  that  directed  manual  patches  have  been 
properly  executed.  An  integrated  circuit  for  scanning  is  included  on  every  relay 
board  containing  K1  and  K5  relays.  he  cord  scanner  is  diagramed  in  Figure  9. 

3. 2. 3. 4  Relay  Control 

The  relay  switching  functions  are  controlled  separately  and  independ¬ 
ently  from  the  patching  switches  (including  the  group  switch,  even  though  it  is 
relay).  There  are  three  reasons  for  this  separation; 

a.  The  methods  of  crosspoint  actuation  are  substantially  different, 
so  that  little  efficiency  is  gained  by  combining  the  relay  and  solid 
state  switching  control  logic. 

b.  Not  all  circuits  will  be  afforded  switched  patching;  but  all  circuits 
will  be  equipped  for  automatic  monitoring  and  testing. 

c.  failure  in  the  more  complex  patching  matrix  will  not  compromise 
the  much  more  frequently  used  relay  control  logic. 

The  control  logic  receives  from  the  processor  an  instruction  that 
identifies  the  specific  2 -wire  circuit  plus  the  specific  monitor/test  trunk  or 
normal  through  function  (K2,  K3  or  K4).  For  control  purposes  all  the  relays  are 
arranged  in  an  X-Y  coordinate  array.  Using  the  instruction's  open  or  close 
directive,  the  control  logic  selects  an  X  driver  and  a  Y  driver.  These  drivers 
are  pulsed  for  5ms,  and  the  relay  at  their  intersection  is  actuated.  Concurrently, 
verification  signals  are  picked  up  through  a  separate  network  to  tell  the  control 
whether  cr  not  the  selected  relay  was  actuated.  Each  relay  contains  an  extra 
contact  for  this  purpose.  When  actuation  is  complete,  the  control  logic  forwards 
a  yes  or  no  verification  response  to  the  processor. 
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3 . 2 . 3 . 5  Scanner  Control 


The  scanner  common  control  distributes  line  address  signals  for 
commutation,  and  collects  and  formats  the  multiplexed  responses.  Upon  direc¬ 
tion  from  the  A  TEC  processor,  the  scanner  will  commutate  ail  lines  periodically, 
or  concentrate  on  a  very  few  selected  lines.  The  latter  mode  would  be  chosen 
after  a  manual  patch  has  been  ordered  so  that  the  Technical  Controller  can  cl  jck 
upon  the  timely  and  accurate  implementation  of  his  orders.  Scanner  control  is 
separate  from  and  independent  of  the  relay  and  patching  matrix  control  logics. 
This  is  done  because  the  logic  is  substantially  different,  and  because  the  scanner 
:s  most  needed  at  times  when  extensive  manual  patching  is  required.  Therefore, 
failure  of  the  switching  control  logic,  or  its  use  to  troubleshoot  the  crosspoints, 
should  not  compromise  the  cord  scanner  operation. 

3. 2. 3. 6  Solid  State  Patching  Switch 

The  patching  switch  provides  a  limited  number  of  electronic  patch¬ 
cords.  Its  internal  modularity  permits  the  switch  to  be  equipped  for  a  quantity 
of  electronic  patchcords  equal  to  the  average  number  of  regular  cords  that  one 
could  expect  to  see  up  at  any  time  in  a  conventional  patch  facility.  The  basic 
element  of  this  switch  is  an  MSIC  containing  four  bi-directional  digital  cross- 
points  and  their  supporting  selection  and  latching  logic.  These  elements,  which 
are  actually  little  2x2  matrices,  are  arranged  on  printed  wirijg  boards  Into 
larger  submatrices.  These  submatrices  are  in  turn  interwired  to  form  the 
basic  matrix  block  of  96  terminations.  When  the  send  and  receive  sides  of  a 
4-wire  circuit  can  be  switched  together,  one  block  can  be  used  to  switch  up  to 
96  4-wire  terminations.  But  if  separate  control  of  send  and  receive  is  necessary, 
then  two  independent  bl  »oks  must  be  used,  with  th  crosspoint  circuits  not  fully 
utilized. 

When  the  switch  is  incorporated  in  the  circuit  patch  facility,  the  voice 
or  modem  signal  at  each  inlet  is  digitized  by  a  pulse  width  modulator  circuit. 

The  digitized  signal  is  switched  through  the  integrated  circuit  crosspoints  -  no 
less  than  three,  and  as  many  as  twelve  -  for  an  intercluster  connection.  At  the 
outlet  the  digital  signal  is  integrated  in  a  demodulating  circuit  to  recover  the 
analog  waveform .  In  the  DC  patch  facility  the  pulsewidih  mod-dcmod  circuits 
are  unnecessary  because  the  signals  are  already  ■'"gitai.  Since  me  ln-statlon 
DC  signals  will  conform  with  the  MIL-STD-188B,  the  matrix  terminations  will 
be  equipped  with  188B  compatible  interfacing  circuits. 

The  arrangement  of  96  line  blocks  into  clusters  is  illustrated  in 
Figure  10.  In  the  typical  configuration  shown,  twelve  of  the  96  terminations 
serve  as  intracluster  trunks.  The  common  block  serving  these  trunks  is 
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identical  to  the  other  blocks,  but  it  dees  not  need  to  be  equipped  with  poise  sri&h 
mod-demod  circuits  or  MIL -STD  188E  circuits.  As  shown,  the  cluster  can 
serve  up  to  588  circuits  (7  x  84),  By  deleting  blocks,  any  lower  number  of 
circuits  can  be  efficiently  served.  The  most  practical  cluster  for  AT2C  purposes 
is  a  8  +  1  block  configuration,  providing  504  circuit  term! nations  (6  x  84}  and  12 
interconnect  trunks  in  each  block.  The  cluster  is  limited  to  eight  blocks  due  to 
the  practical  aspects  cf  control.  But  If  two  identical  clusters  are  seeded  to  pro¬ 
vide  independent  send  and  receive  switching,  one  common  cluster  control  can 
serve  all  blocks  (up  to  16).  As  part  of  the  facility  engineering  task,  circuits  are 
assigned  to  matrix  terminations  so  as  to  minimize,  statistically,  the  crjscer  os 
interblock  and  Intercluster  connections.  This  minimizing  ^11  result  in  fewer 
blocked  patches  and  more  efficient  utilization  of  switching  hardware. 

3 . 2 . 3 . 7  Patching  Switch  Control 

In  order  to  execute  an  electronic  patch,  the  AT EC  processor  sszst 
forward  to  the  switch/cluster  control  logic  the  binary  address  of  the  two  termina¬ 
tions  to  be  connected  {or  disconnected)  in  a  given  block.  Local  corkrol  then 
searches  for  an  internal  path,  selects  and  actuates  the  solid  state  crcsspoiras. 
verifies  through  an  independent  network  that  the  selected  crosspoims  were  I® 
fact  actuated,  and  forwards  a  yes  ox*  no  response  to  the  processor.  If  no  i-cercal 
path  could  be  found,  a  "blocked  patch"  response  is  returned.  Interblock  connec¬ 
tions  require  three  separate  instructions,  and  the  processor  must  keep  track  cS 
the  usage  of  interblock  trunks.  The  total  time  for  the  switch  to  recognize, 
execute,  verify  and  respond  is  approximately  30  microseconds.  The  eosbroJ 
logic  interfaces  with  the  nTEC  processor  through  an  Injwx-oefpoi  channel  wfib 
16  data  bits  in  each  direction  plus  associated  strobes. 

The  group  switch  control  is  functionally  very  similar  to  the  circcitr 
DC  patching  switch  control  described  above.  The  interface  with  the  cro.esscHr  ?? 
the  same,  and  the  same  type  of  instruction  and  response  is  employed.  Becaaas 
the  crosspoints  are  relays,  the  method  of  actuation  is  much  more  like  the  X-T 
relay  control  (see  subparagraph  3. 2. 3. 4) ,  than  the  solid  stale  cenrro!.  As  scerasl 
natch  search  is  not  necessary  because  the  blocks  in  the  group  switch  a re  small 
enough  to  be  non-blocking  square  arrays. 

3.2.4  Patch  Facility  Configurations 

With  the  preceding  component  and  function  de  script  kins  serving  as  back¬ 
ground,  this  section  will  describe  the  four  patch  facilities,  with  the  aid  of  dia¬ 
grams  . 


2.2.4. 1  Circuit  Patch 


The  circuit  patch  facility  is  illustrated  on  the  left  side  of  Figure  11  showing 
one  typical  4-wire  circuit.  This  circuit  can  also  be  treated  as  two  ii-dependent, 
oppositely -directed  2-wire  circuits,.  The  patch  bay  can  function  without  the  patching 
switch,  and  indeed  is  quite  likely  to  at  a  small  ATEC  neuter  where  the  cost  of 
electronic  patching  is  not  justified.  Furthermore,  not  all  circuits  that  pass  through 
the  patch  bay  need  to  be  routed  to  the  switch  as  well:  selected  circuits  of  low  prior¬ 
ity  and/or  usage  can  be  patched  only  by  manual  means.  The  switch  however, 
cannot  function  without  the  patch  bay,  since  the  relays  therein  (K2  and  K4)  route 
the  circuits  to  the  switch.  Electronic  patches  are  constrained  to  L-to-E  send, 

L-to-E  receive,  and  L-to-L  loopbacks.  The  monitor  and  test  tranks  are  routed 
to  consoles  as  shown  in  the  illustration.  Reasons  for  selecting  the  particular 
configuration  of  monitor  and  test  tranks  are  given  in  paragraph  3.2.5  of  this  section. 

3. 2. 4. 2  Primary  Patch 

The  primary  patch  facility  is  illustrated  on  the  right  side  of  Figure  11 
It  is  used  in  conjunction  with  the  circuit  patch  to  provide  manual  patching  of  line 
conditioning  equipment  and  to  provide  an  automatic  monitor  and  test  capability  on 
both  line  and  equipment  sides.  Since  conditioning  equipment  is  not  electrically 
patched,  there  is  no  need  for  the  remotely  controlled  relays  (K2,  K3,  and  K4).  The 
typical  circuit  shown  is  4-wire,  but,  where  necessary,  it  can  be  treated  as  two 
2-wire  circuits.  This  would  also  be  the  case  when  6  or  8-wire  circuits  axe  to  be 
patched;  the  signals  in  excess  of  the  send  and  receive  pairs  are  patched  through 
adjacent  2 -wire  paths,  thereby  reducing  the  total  number  of  circuits  that  a  primary 
patch  bay  of  a  given  size  can  handle.  Reasons  for  selecting  the  particular  configura¬ 
tion  of  monitor  and  test  trunks  are  given  in  paragraph  3.2.5. 

3. 2. 4. 3  Digital  (DC)  Patch 

The  configuration  of  the  DC  patch  is  very  similar  to  the  circuit  pstch 
(See  Figure  11).  A  significant  difference  is  that  the  typical  MIL-STD  J88B  low 
level  DC  circuit  is  one-wire  single  ended  with  a  carefully  controlled  common  ground 
return.  This  signal  is  carried  through  the  jacks  on  the  tip.  This  characteristic 
makes  no  difference  to  the  digital  patching  matrix,  because  it  switches  all  signals 
single  ended.  Since  DC  send  and  receive  may  have  to  be  switched  independently, 
separate  matrix  paths  through  the  matrix  must  be  provided,  and  one  direction  of 
the  crosspoint  circuit  will  not  be  utilized.  Some  digital  signals  are,  however, 
accompanied  by  a  clock  signal,  such  as  that  which  is  associated  with  a  modem. 

When  this  clock  moves  in  the  opposite  direction  of  the  data,  as  in  the  transmit 
side,  Oie  otherwise  unused  path  through  the  digital  crosspoint  can  be  employed 
because  the  signal  and  clock  are  switched  together.  If  clock  and  data  move  in  the 
same  direction,  as  in  the  receive  side,  a  parallel  matrix  path  must  be  employed. 

The  clock  signals  are  carried  through  the  jacks  on  the  ring. 
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To  maintain  standard  hardware  the  relays  in  the  DC  patch  bay  will  be  2-wire  as  in 
the  other  facilities.  So  when  a  block  is  present,  a  complete  path  through  the 
patchbay  already  exists.  The  monitor  and  test  trunk?  also  operate  in  a  single  ended 
mode,  and  are  Integrated  into  the  controlled  ground  return  system.  Send  circuit 
termination  will  be  biased  to  present  a  mark  hold  level  to  the  circuit.  The  trunks 
are  actually  2-wires,  as  in  other  facilities;  so  the  clock  signal  can  also  be  monitored 
and  tested  along  with  the  digital  data  signal.  Reasons  for  selecting  the  particular 
configuration  of  monitor  •  ;.  !  test  trunks  are  given  above  in  paragraph  3.2.5. 


3. 2. 4. 4  Group  Patch 

A  typical  receive  group  patching  and  switching  configuration  is  illustrated 
in  Figure  12.  Multiplex  receive  groups  are  arranged  into  setb  of  10;  two  typical  sets 
are  depicted.  These  sets  are  interconnected  by  links  such  that  the  line  side  of  any 
one  group  can  be  connected  to  the  equipment  side  of  any  other  group,  and  equipment 
to  line  as  well.  There  may  be  any  number  of  sets  of  groups  up  to  160;  the  figure  is 
shown  for  one  of  the  largest  anticipated  facilities.  The  Kl,  K3,  and  K5  relays 
function  the  same  as  in  the  other  patching  and  switching  facilities.  Relay  functions 
K2  and  K4  are  merged  into  the  relay  switching  matrix.  Send  and  receive  sides  are 
switched  independently  through  identical  2-v/ire  matrices;  the  receive  matrix,  shown 
in  the  figure,  is  therefore  identical  in  all  respects  to  the  send  matrix  which  is  not 
shown.  Both  matrices  are  actuated  from  the  same  common  control  unit.  B^'use 
the  switch  is  a  three  stage  array  with  limited  inter-stage  trunking,  there  is  a  finite 
probability  of  blocking  during  periods  of  extensive  patching. 


Because  of  the  group  frequency  band,  it  is  desirable  to  place  the  switching 
hardware  rs  close  to  the  group  mux -demux  and  chaiinel  equipment  as  possible. 
Consequently,  one  complete  10  group  submatrix  set,  along  with  the  associated  patch 
panels,  and  local  control,  will  be  packaged  in  a  19  inch  rack  mounting  assembly. 

This  assembly  can  be  installed  in  the  same  rack  as  the  channel  and  modem  equipment 
it  serves,  if  space  is  available.  The  signal  interface  out  of  this  assembly  consists 
only  of  the  interconnect  trunks  A,  B,  C  and  D.  The  interconnect  submatrices,  plus 
the  common  control  logic,  will  be  contained  in  a  separate  nearby  cabinet.  Two 
master  gr..  .ps,  each  with  its  own  power  supplies  (for  redundancy)  will  be  contained 
in  one  cabinet.  The  control  and  matrix  hardware  is  modular,  and  can  be  equipped 
downward  for  less  than  160  groups,  in  increments  of  five  groups  (usually  one 
supergroup). 

Automatic  send-receive  patching  in  one  group  is  not  provided,  primarily 
due  to  the  problem  of  connecting  group-through  filters  into  the  loopback.  Monitor 
and  test  trunks  are  not  included  for  reasons  given  in  paragraph  3.2.5. 
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3.2.  5  Test  Bus  Configuration 


The  overall  test  bus  configuration  required  for  ATEC  is  shown  in 
Figure  13.  Test  buses  are  provided  only  to  the  circuit,  primary  and  digital  (DC) 
patch  facilities  and  not  to  the  group  patch  facility.  The  wideband  group  signals 
are  at  relatively  low  levels,  so  that  any  attempt  at  remote  monitoring  and  testing 
would  require  cabling  of  such  lengths  that  would  introduce  excessive  noise  pickup 
and  insertion  loss  into  the  signal  itself.  Therefore,  group  patch  facility  test 
buses  ar,-,  not  included  in  the  overall  test  bus  configuration  for  ATEC.  Monitor 
access  will  be  required  and  provided  at  the  group  patch  panel,  however,  to  enable 
monitoring  and  testing  to  be  performed  by  maintenance  personnel. 

As  depicted  in  Figure  13,  the  monitor  and  test  buses  from  each  of  the 
circuit,  primary  and  DC  patch  bays  will  be  connected  through  separate  matrices 
to  the  quality  control  and  status  monitor  console  positions,  and  also  to  separate 
channel  monitoring  equipment.  Selection  of  a  particular  monitor  or  test  bus, 
for  connection  to  a  particular  jack  appearance  and  further  connections  to  the  con¬ 
sole,  will  be  made  througn  an  instruction  generated  by  the  processor  upon  command 
from  the  console  position.  The  operator  will  then  be  able  to  connect  the  appropri¬ 
ate  operational  test  equipment  for  whatever  monitoring  or  testing  is  desired.  The 
controller  will  keep  track  of  which  test  bus  is  in  use,  so  that  if  another  console 
requests  access,  a  test  bus  busy  response  wi*’  be  orovided  to  the  console  request¬ 
ing  access.  The  processor  will  also  control  the  operation  of  the  separate  channel 
monitoring  equipment  in  a  similar  manner. 

The  buses  are  configured  for  separate  functions  so  as  to  minimize  the 
probability  of  a  console's  getting  a  busy  indication.  Each  circuit  patch  bay  has  two 
separate  monitor  buses  for  line  side  terminations,  and  two  moie  for  the  equipment 
side  terminations.  In  addition,  a  test  bus  is  provided  on  the  line  side  for  breaking 
into  the  circuit  in  either  direction  for  insertion  of  a  test  signal  or  other  transmit 
device,  such  as  a  W  channel  multiparameter  test  set  transmitter.  A  similar 
test  bus  is  also  provided  on  the  equipment  side  for  break-in  and  insertion  cf  only 
the  receive  side  path.  Termination  of  the  broken  path  is  provided  upon  activation 
of  a  test  bus.  A  separate  1000  Hz  bus  is  alsc  provided  on  the  line  side  for  break- 
in  and  insertion  of  a  standard  test  tone  in  either  direction.  One  of  the  monitor 
buses  on  the  line  side  is  reserved  for  use  by  the  separate  channel  monitoring 
equipment,  to  allow  for  automated  testing  under  control  of  the  processor  and  to 
prevent  interaction  between  consoles  and  automated  test  functions. 

Monitor  and  test  buses  similar  to  those  described  above  are  also  pro¬ 
vided  in  each  primary  patch  bay,  except  that  the  two  monitor  buses  on  the  line 
side  connect  to  only  the  receive  oath  and  the  two  monitor  buses  on  the  equipment 
side  connect  to  only  the  send  path.  This  provides  for  source  signal  monitoring, 
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which  is  all  that  is  actually  required  at  these  points  of  the  circuit.  The  reason 
that  full  capability  was  provided  In  the  circuit  patch,  for  the  test  buses  to  access 
both  paths,  is  that  more  testing  ard  monitoring  will  be  performed  at  this  point  in 
the  circuit  by  both  manual  and  automated  test  equipment.  The  other  exceptions, 
from  the  circuit  patch,  are  that  there  is  no  1000  Hz  bus  in  the  primary  patch  and 
there  is  only  one  test  bus;  it  Is  located  on  the  equipment  side  for  breaking  into 
the  receive  patch  and  for  insertion  of  a  test  signal.  Termination  of  the  broken 
path  into  Its  characteristic  impedance  is  provided  upon  actuation  of  the  test  bus. 
The  reason  there  is  no  test  bus  access  on  the  transmit  lice  or  equipment  side  is 
that  all  test  access  toward  the  user  will  be  done  at  the  equal-level  circuit  patch. 
The  test  bus  In  the  primary  patch  is  to  be  used  primarily  for  tests  of  the  lire 
conditioning  equipment. 


Each  DC  patch  bay,  as  shown  in  Figure  13,  will  be  provided  with  monitor 
and  test  buses  to  perform  all  testing  functicsis  normally  available  at  a  manna!  DC 
patch  facility.  Two  mor;tor  buses  are  provided  on  the  equipment  side  transmit 
path,  and  two  more  monitor  buses  are  provided  on  the  line  side  receive  path. 

This  again,  as  in  the  primary  patch,  provides  for  scarce  signal  mcaKorisg  and 
thereby  allows  for  monitoring  of  signals  on  a  back-to-back  patch,  in  addition  to 
normal  monitoring  functions.  All  monitoring  wu!  be  in  parallel  with  high  resis¬ 
tance  inout  devices  of  greater  than  6000  ohms  with  a  design  objective  of  greater 
than  50.000  ohms,  in  accordance  with  MIL-STD-l&SB.  This  wBI  be  dene  because 
the  digital  signals  themselves  will  be  low  levei,  6  volt  polar.  In  accordance  with 
MFL-STD-1S5B,  paragraph  3.2.4. 1.1.  The  digital  signs!  circuits  will  be  single- 
wire  with  c cottoned  earth  return,  so  that  me  monitor  mortice  will  only  seed  to 
access  the  tip  circuit  for  teletypewriter  channel  monitoring.  However,  the  ring 
circuit  »r3  also  be  accessed,  since  it  will  be  used  for  clock  signal  cs  data  cir¬ 
cuits  and  provisions  »  <!'.  be  made  tc  selectively  monitor  the  tip  and  ring  at  the 
console  positions.  This  also  means  that  tie  relay  access  and  sastcairg  matrix 
circuitry  will  be  essentially  the  same  for  all  patch  facilities,  fees  making  for  a 
standardized  arrangement  and  interchangeable  configurations. 


The  test  bases  in  fee  DC  patch  bays  provide  for  break-in  and  Lnssrttcc 
of  a  test  signal,  sech  as  a  bst  error  rate  test  transmitter  teapot,  or  a  keyboard 
of  a  teletypewriter  set.  Two  test  bases  are  available,  ere  fer  break-in  ce  fee 
equipment  side  receive  path  and  ere  for  break-in  cn  fee  lire  side  transmrt  path, 
in  addition,  two  FOX  test  bases  vj]  be  ?r evened  to  alio*  for  insertion  ct  a  tele¬ 
typewriter  test  signal  from  a  common  staucc  test  message  generator.  One  FOX 
test  will  be  provided  ce  fee  eqdpmem  side  receive  safe,  and  oce  -"a  fee  line  side 
transmit  path.  There  will  artezliy  be  two  rates  s£  FOX  test,  e re  at  45  bead  and 
one  at  75  baad.  Determination  of  widen  rate  is  So  be  arc-lied  to  a  parfemiar 
circuit  wui  be  done  oa  as  indivifeaa:  basis,  after  coordinatKC  wife  distant  end 


A  TEC,  TCF  or  PTF,  and  wQi  be 
particular  relay  beard  in  fee  DC  ; 


br  a  srrappcssg  option  on  fee 


3.3  Programming  and 


3.3.1  Eats  Processing  Hardware 


The  prccossirg  subsystem  wiU  coos  1st  of  s  programmable  comocter- 
type  processor,  ra-ils  memory  (core)  modules,  miernsl  clock  medals,  direct - 
memory -«cc«3S  {DiLVt  modele.  memory  protect  sad  parity  check  fsatcres, 
peripheral  rssgBeiic  tape  sad  random  -access  mass -storage  equipot-eris.  The 
processing  subsystem  Es  interfaced  with  sensor-associated.  switching - 
assoclatsd  and  ccatEtmicatkn-lioe-issccisted  eqnircr-ests  as  wet!  as  Technical 
Cooirol  operattag  pcsUice  consoles.  A  coclgarstsco  of  a  process  ire  subsystem 
suitable  for  this  Tecinieai  r  ©atxc'  application,  sbc'sr.ag  tie  kinds  of  ha  retire 
wits  which  it  will  interface,  is  dep-'eted  In  F'gnre  14. 

3. 3.  i .  I  Processor  Ispfe. 'Ocnpct  S^erfeoe  Uait 


tzp&s  to  ass  ostocts  Cron.  the  digital  processor  originate  frees  and 
te  manage  at  Tariccs  external  tfertces.  These  ejperaei  derices  inrfefe:  easip— 
rsgsn  sensor  scsscers;  charnel  {circsitj  ecsnsexs.  hath  analog  and  digits-: 

YFC?  icosr  scanners  and  distortoa.  acadyaers,  switciiag  matrices  ecedroeSers, 
and  ccecrscnicaticcs  lines  ~  carrying-  tofemecry  2nd  reps  rang  cafe.  in  order 
to  transfer  feforsatlcc.  bgewses  these  external  cerlcss.  and  the  processor.  -ah  fee. 
is  eoaipced  with  au  fisxa/cesscs  brs  arrangement,  an  ircerface  rsit  Is  reorlrac 
to  preside  proper  rtcsisg  end  boSerirg  of  tbs  ird-nmsiim.  The  irss?rm~fer 
being  transferred  itefndes  sensed  saatos  data,  external  ds-rfes  coo&sS  cslz.,  and 


external  coctro?  ferine  acisEssria 
occcrol  of  fie  processor.  Therefore,  all  tutor 
interface  cn.it  reccires  that  the  interface  rr..*.  decode  the 


cerises  are  to  ce  rarer 
ati-at  that  transfers  firmagh  fie 


matrons  recerssc 


cerics  to  2e  processor 
ses  atd  fie  interface  |= 


mat  3ti- 


to  be  in  bit -serial  form,  in  order  to  trim  trine  transfer  tone.  all 
yre-rrg^-rg  between  the  interface  rest  and  the  processor  -s  to  be  in  werd -parallel 
form.  Beane,  toe  itoarface  cast  will  be  repaired  to  perfom  *«.  .dal  parallel  and 
parallel  serral  ccerersetas.  roar  types  cr  irfomsstcc  transfer  are  racdr 
cd  fie  interfa: 


High  speed  tezna  T£<I  iHr '»  infer— rat,  rca  naat  trt»rr.  entemal 
dferires  "=pfi.  blorx  being  prondec  by  fie  interface  amt.  The 
erne  me  fences  will  prcnr.de  an  radbcstocc  of  fie  anilaltolrr  of 
fntrrmataat. 

Htgi  spex  •rnorr.tinl  hr*'  cHr*  nfometjcn.  onfiaz  to  the  tceml 
dmces.  with  ckc-t  berg  presided  by  fie  tote-riace  ntts.  The 
tocarface  unit  is  to  proride  an  ntorat-ir  :c  fie  *ni2is'.iO  c€ 


lattot- 


/ 


FIGURE  14  HYPOTHETICAL  PRO¬ 

CESSING  SUBSYSTEM  (SHOWING 
TYPES  OF  INTERFACES) 
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c.  External  device  control  data  (step  pulses,  to  advance  scanners 

to  the  next  position,  and  to  reset  scanners  to  the  "home"  position). 
The  interface  unit  is  required  to:  decode  a  single  processor 
originated  instruction  and  generate  a  reset  pulse  for  all  external 
devices;  decode  numerous  processor  originated  instructions;  and 
generate  a  separate  advance  pulse  or  a  separate  reset  pulse  for 
each  of  the  external  devices. 

d.  Full-duplex  teleprinter  data  (ASCII  at  75  and  110  baud)  for  local 
and  remote  telemetry  and  scanning  devices/circuits.  The  inter¬ 
face  unit  is  to  add/delete  start-stop  pulses  as  required. 

The  quantity  of  each  of  the  four  types  of  information  transfer  is  de¬ 
pendent  upon  the  number  of  external  devices  implemented  at  a  given  ATEO 
facility.  Modularity  of  design  is  required  to  permit  expanding  the  interface 
unit,  to  accommodate  the  expected  diversity  in  sizes  of  ATECF.  All  external 
devices  interfaces  are  to  be  standardized  to  conform  with  MIL-STD-1R8B,  low 
level.  The  interface  unit  is  to  be  compatible  with  Hie  input/output  characteris¬ 
tics  exhibited  by  the  processor  employed  at  the  ATECF. 

3. 3. 1.2  Processor  Characteristics 

Certain  characteristics  were  Identified  as  requirements  for  the  pro¬ 
cessor  to  be  used  in  the  processing  subsystem  of  the  ATEC  facility.  These 
characteristics  are: 

Characteristic  Reqmt.  Comment 

Memory  Cycle  Time  2ps  A  two  microsecond  or  better  cycle  Is 

common  on  today's  small  processors. 
Memory  cycle  time  is  a  key  characteris¬ 
tic  of  performance.  Cycle  time,  when 
combined  with  address  field  and  number 
of  operation  codes,  is  indicative  of 
execution  timing. 

16  bits  A  sixteen  bit  word  length  results  in 

sufficient  size  for  operation  codes  and 
address  to  provide  a  reasonably  exten¬ 
sive  complement  of  instructions  and  an 
ability  to  address  directly  a  large  seg¬ 
ment  of  memory.  A  large  complement 
of  instructions  will  conserve  memory 
and  result  In  faster  program  execution. 

A  large  address  field  means  more  mem¬ 
ory  is  directly  addressed  with  a  resultant 
lowering  of  execution  time. 
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Memory  Word 
Length 


Processor  Characteristics  (Continued) 


Characteristic 
Memory  Size 


Parity 

Instruction  Length 


General  or 

Accumulator 

Registers 


Reqrot.  Comment 

S2K  The  maximum  memory  size  puts  an  upper 

limit  on  expandability.  The  minimum 
memory  size,  while  not  as  critical,  points 
to  flexibility  and  cost-effectiveness  for 
small  installations.  A  small  increment 
of  memory  size  permits  expansion  in 
small  cost  units.  Therefore,  the  most 
desirable  combination  o?  size  characteris¬ 
tics  is  a  small  minimum  memory,  a  small 
increment,  and  a  large  maximum. 

Yes  Memory  parity  checking  permits  immedi¬ 

ate  detection  of  transient  or  permanent 
memory  problems  before  these  problems 
have  sn  opportunity  to  propagate  them¬ 
selves  throughout  the  system. 

=  Memory  A  memory  word  length  of  sixteen  bits  has 

Word  Length  been  specified  previously.  The  instruc¬ 
tion  word  length  should  be  equal  to  the 
memory  word  length  fcr  compatibility 
between  data  and  instruction  words.  The 
advantage  c-i  a  relatively  large  word 
length  in  permitting  a  range  of  operation 
codes  and  extensive  directly  addressable 
memory  is  discussed  cinder  Memory  Word 
Lengths. 


A  minimum  of  two  accumulator  registers 
is  required  to  permit  a  variety  of  shift 
operations  as  well  as  double  length  arith¬ 
metic  operations.  A  greater  number  of 
accumulators  (or  general  registers  that 
may  perform  accumulator  functions)  per¬ 
mits  greater  flexibility  to  the  programmer 
to  increase  execution  efficiency  through 
fast  register -to- register  operations 
rather  than  relatively  slower  memory 
transfers. 
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Processor  Characteristics  (CcetiEced} 


Characteristic 
Index  Registers 


Directly  Addressable 
Sfemory 


Direct  Memory 
Access  (D3dA) 


Seqmi. 

1 


I  €24 
words 


iss 


Ccer'eeat 

An  index  register  is  a  saleable  address 
modification  and  coasting  tool  wrhkh  re¬ 
sults  in  exeectitac  timing  efficiency  as 
well  as  making  a  coctrfbctice  to  ease  & 
programming.  Most  desirable  Is  a  targe 
camber  of  hardware  index  registers.  A 
small  camber  of  roisters,  index  regis¬ 
ters  is  memory,  or  sabstrtgte  indesirg 
teefcaiqaes  reix&t  in  difficulty  of  program¬ 
ming  {5-  forcirg  the  program  roe  r  to  do 
more  housekeeping  or  require  greater 
amounts  c*  time  dae  to  loading  registers 
or  additional  memory  accesses. 


This  is  a  direct  fcrcttoa  of  the  address 
ieagt h.  wife  in  the  rcstroction  word.  Mbs* 
desirable  is  direct  ftj  Where 

there  is  direct  xddress^alil/  to  small 
areas  of  memory  (Le. »  less  teas  1624 
words),  ogremert  of  data  into  the  dareefey 
addressee  area,  batching  of  data,  -&r 
in dj  recthr  addressing  a  large  area  cd  data 
are  tecfegqass  for  oSEseriing  tbs  enacts  of 
fee  restricted  area  addressability.  Any 
of  these  tgefcaapas  sill  ircre&se  exsce- 
tico  time  (he  to  indirect  operations  re- 
qpirieg  more  memory  accesses  or  dae 
to  more  movement  of  data.  Program 
development  costs  -am  rise  shea  the 
direct -add  res  ssHlftr  area  is  decreased 
doe  to  an  increase  in  the  coraolgdty  of 
fee  prcgrammlrg  or  an  is*  rcase  in  vtfeme 
cf  tg&rnctforis  that  mssr  be  written  and 
tested. 


The  volsme  of  program  mstractsocs  and 
data  that  mast  be  transferred  between  the 
random  access  device  {disc,  dram,  eke.) 
and  core  memory  prechides  petting  fee 
random  access  device  on  an  nrpna/ctSpzt 
bus  which  respires  process'. -■  fntervenQcc- 
azd  irstractioe  time  execution  to  transfer 
tadxridma:  ■words. 


Processor  Characteristics  (Cosfcinned} 


Characteristic  Becrat.  Comrr-ggt 

DMA  Transfer  Rate  1  memory  Mot emest  o?  ooe  word  of  dsta  irto  or  cot 

cycle /word  of  cere  shark!  reqsfere  no  more  than  one 

memory  cycle.  Relaxation  of  this  re— 
(EHretasS  win  ressiS  in  a  slower  channel 
speed  {device  to  core)  as  well  as  fewer 
taemory  cycles  being  available  for  pro- 
eessirg  csd  Hsrrt/octpre  bos  service. 


Irterrept  Service  Hire  20  sisero- 

secceds 


Real-Tirre  doci  Tes 


A  fast  response  t ime  to  inierrspts  permits 
fee  system  designer  to  specify  en  fctorrugst- 
tfrrver  system  where.  ircicztedL  Tias  re¬ 
sults  fn  more  fLexthGiiy  of  program  design, 
fees  program  develcpc^ect  easier 

and  enhancing  capability  for  exparsksn. 

A  races  rensset  dictated  by  fee  real-time 
cstare  c€  fee  pzocessfcg. 


External  fegerrept 
Levels 


At  least  cce  external  bfeerrrst  fere!  is 
repaired  to  service  fee  direct  memory 
aescega  emmzel,  and  car  i-v  sen  lie 
fecEt/ocfect  brs-  Lack  of  exterssl  rafter- 
rsrxs  at  fee  griatmem  regfenemssii  Trill 
adversely  affect  peograrnming  deredrp- 
msef.  costs  23  weB  as  eaacatkg  timing. 


Scarier  c£  External  1£ 
fnterrrzsas 


Sore 
Add 
2  cycle 
times 


AhQSs  to  service  a  nxrfeer  cz  devices 
esfecferelj  as  fee  feset/cctpct  bes  is  coc- 
fjagssf  gpoc-  fee  senaber  o?  nserrsmts  fed 


y  be  sarrvsid-  Tie  rr 
device 


covers 
and  tsro- 


r?  —  ^3.  r.r  expanses. 


Two  iascroefeoo  femes,  whjci  are  indica- 
trve  of  fee  ased  of  exacfesoc  cz  fee  esfere 
jnstrsctSa?  set,  are  times  to  store  a  word 
or  add  taro  words.  This  reqciremgsf, 
corpld  wife  fee  raaxiremsrt  ter  a  t  mkrro- 
secccc  memory  cycle  ferns,  woe ad  restfe 
in  an  add  feve  or  store  fere  no  greater 


L2'0 


Processor  Characteristics  {Concluded} 


Characteristic  Begmi. 

Instruction  Times 
(Concluded) 


Fixed  Porrt  Kane 

Mcitk^y/Dhride 

Floating  Point  "<CBie 

Arithmetic 

2.3.2  Program  Structure 


Comment 

than  4  microseconds.  'While  this  time  is 
sot  critical  to  the  internal  processing  of 
the  operational  program,  an  add  or  store 
time  greater  than  4  microseconds  should 
serve  as  a  warning. 

The  main  requirements  of  the  A  TEC 
operational  programs  will  be  for  logical 
and  data  movement  operations,  Uaek  of 
fined  point  mnlciply  / divide  or  floating 
point  arithmetic  will  net  materially 
degrade  performance. 


Has  Technical  Cocirol-related  application  requires  use  of  ca-line  and 
real-time  techakpes  for  data  processh^.  Programming  is  expected  to  be  per¬ 
formed  csEsg  reiocatabse  assembler  language,  in  consideration  of  a  large  volume 
of  tabular  information  and  tbs  handling  of  bit-fields  in  its  operation.  A  real-time 
raodcfbar  Executive  Eac-Soi  2nd  Application  Program  Modules  are  to  be  developed 
for  the  Processing  Subsystem.  Tee  recommended  modular  structure  of  me  oper¬ 
ational  programs  is  depicted  is  Figure  15. 


The  Executive  Koutise  is  feat  program  section  which  controls  fee  se¬ 
quence  of  calls  for  service  of  fee  varioos  operational  application  program  modules. 
Tbs  seeps -ee  of  calls  will  be  made  in  cyclic  order  -  not  necessarily  sequential 
xssaez  fee  varietr?  femcticos.  Because  of  fee  diversity  of  interfaces,  fee  execu¬ 
tive  roefirv?  mast  have  modularity.  Toe  executive  ■Hill  call  each  function  module 
25  a  closed  sdbroctiis.  at  completion  executive  win  step  to  tbs  Dext  eligible 
fenctfnn.  The  Executive  Eoctire  will  consist  of  a  schsfeder /dispatcher  module, 
supported  by  modules  for  an  internal  clock,  for  start-up  and  for  recovery,  and 
wul  irdede  ether  separate  "handler"  mofeiles  fbr  matrix  controls,  communica¬ 
tion  irnp  controls,  sessor-scassr  controls,  tape  devices  controls,  disc  controls, 
keyboard  controls,  teleprinter  controls,  and  display  controls. 


Ajajlicaticn  program  morales  are  required  to  ce  developed  for  each  of 
fee  mayor  processing  fcygtions:  Sensor  Processing,  Operator  Inputs,  Matrix 
Control,  Ackraanv tedgaaests ,  Queries,  Joanalisg,  Message  Generation,  Safes 
Update,  Display /; pn nfoets  and  Other  Outputs  apply. 


1 

i 
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3.3-3  Data-Base  Files 

Tbc  d3f~.  -base  file  requirements  for  operation  in  fee  processing  sub¬ 
system  must  cce  tain  information  applicable  to  each  A  TEC  facility  frees  fee  DCS 
Directory  or  Reporting  Guide,  fee  DCS  Frequency  Directory  2nd  dresat  astfra- 
tJ  nc  fCosiroasIcationa  Serrise  Orders)  and  relatod  docazaests.  Tbs  csto-feEse 
tuGSt  also  indode  syotiScaticas  cf  sensors;  sansed-pa ramsters :  semsed- 
parameiers  for  variable  states,  if  sppiicsiae;  related  fearesbo&fo  23d  csoeSkaa 
ranges;  conversion  lists;  sad  n  raeass  for  associstkE  o£  esca  of  fee  seas-.-rs  vsffe 
coenr ncnkadice  eatoies  srri/ar  eeaipsnesi  emiiies.  Fnrtber,  fee  ealz-eese  sssS 
fecrade  as  eqsirab^ct  cf  22  esjoipc&est  irrrestory,  acd  a  f®-  esaecEESsc  c£ 

eccinsaeszts  •srife  fee  csrer-aategfeca  estates  ■skies  each  sag-ports:  spare  eper- 
atzacai  eqrigcpsrts  as  •are*]  as  earipoests  mafergoia;  repair  are  to  be  fedbded 
in  fee  dsta-bes-e  to  prorkJe'  a  pears  for  dessrcalsgag  csgcbOity.  Tbe  pgars  for 
associatirg  fee  varkxs  efltitites  pss4  pr&ride  a  eggstrsity  to  fee  entire  «s2a-base 
to  forra  a  co&esrre  file;  each  step  of  fee  cara-aase  may  be  ratgrired  to  be  associ¬ 
ated  t rife  core  fears  ooe  cfeer  tfes.  Tbe  data-base  sSe  reorireoects  cs  be 
Tisealisaa  accarairg  to  primary  major  processiag  fmcaSaos  as  represecizd  by 
fee  app-licatica  pregrara  sodhfes  cf  fee  Cperataacsl  Pregraa  Strsctore  ^epdrsaf 
ia  Figcre  13. 

For  seasor-orccessirg  mrctKos,  t'e  data-base  mast  iacibEa?  fee  Sdesfear 
os  earns  of  fee  sensors  ta  fee  sa? agree  is  vtisa  trey  are  to  be  scaarzd  ctSst  cro- 
tTw  id  fee  processor /prepress.  Gro®?-iisSE  cf  ^esSicai  saasars  ■wndci  saaiciie 
iigstjesi  parameters  ard  bare  bees  asssgrad  r^eriferzj  sergaagger  rsisss  for  fee 
rariacs  (Red,  .-.saber  rod  Cress)  ccaditaccss,  mssS  be  sormesf  for  cctmprc  'raterta 
ose.  17^  seasor  Ica^iScatfocs  past  irxdsoe  ears  "state^  ^peecb,  ro  sassca. 
etc.)  bs  •s!'siea  fee  Kascfecsioes  cas  ccerate  asrirg  sensirg.  Tbe  sgrel  parasx- 
si-sr  came  or  cfeer  SdesSiScatfoc  sbccld  be  rearfesgfa!  *0  fee  Tefersrai  Coferfe 
operators  sie;  2gtomatscaPj  predated  Is  eispe-js  ssd  prmbofes.  2fe£scraifie 
oarmseter  thresbokls  azd  canStfcG  rerges  pss:  be  gre-esga^Ssaes  is  fee  drts- 
iszze.  Facts  taresbe-ki  most  be  2  fixed  rslre  forei;  coodifeoss  (Hed.  Amber  rac 
Greea)  cars  extend  orer  2  range  of  vaioe  lereis  Tbe  Taiae  lereis  xad  ccrsdSstg 
rargss  must  be  pre-estaoiisbed  vifeis  fee  -osxisap  range  cf  fee  seaaor  afepeta 
ccerrcrted  brio  2  d^ital  form  repressgixg  fee  s'gnal  levels. 

For  trend  asaiysls  sretscss  associated  ivife  secsor-prcoessirs.  fee 
Amber  ranges  ~;i!  be  expandgf  :c  i sewee  ra- A mbe r- range  feresioifs  for 

irclcsioQ  in  fee  data-base.  Trerd  asalysis  v»31  be  performed  -afeem  cko  scra- 
Atnber-raxge  feresbold  crossings  -s-ere  ei-.p=  rleoc&c  rper.  -  oerfog  fee  A  robe: 
range.  Toe  results  of  treed  analysis  is  an  afeomatac  -prsdicti vren  ftime)  a 
Red  threshold  vrill  be  exper'ssred,  assuming  toe  same  degradstfoo  rate  as 
experier-ced  m  preri oos  taresbold  crossings. 


Fdr  Stedg-Cfofhd*  frornryins.  js  fisrirzarse s&  xz  irvssSsarj  $t  lS£3z£a&& 
dZ  da  eatagasasgaas  xzrf  feadjcnMi  grc±5~s  is  tzxx£ts£  in  da  aES-ian;,.  'TtEd£oT~ 
Sa  ptsSzd  w£a  da  €^5*cad  easdres  b?  da  saggs-gjgfUag  xs^BrstSss  ;progrE£t 
rt:rer>  xz  da  d^ro.r.-xdiTO  is  gidtrrag  Strangs  r-itdrrTgdr-  asgEsamhadgas  p*di£?r~ 

, .  33*^  ssggSsySag  £TO^ts£3  TOlf  GSpEZ  X33T  dCraSS  eg  SaSscacESaa  ~-m-Hr  «mtng 

he  ccGasaSjsxd  x  seproxE?  JStet-  fer  jcsddE  proyasEt,  bsfi  :Se  ESse  xnras  se  acps- 
cgg  ±e  x  5ri».rx?dd»  vUSa  ingyr-feosi  eatasgx.  ?Q»»t  meg  be  sagmcsBf  br  adzftar.. 
br  kigdian.  car  gagggg&scaea  xrf  eadtpan* rrc  wgca?:?..  75iis  irfcrmrCSxnr  mure  he 
cqpEnctae  2x  dmt-hese  §3sf  5nr  rasafenca  at  da  rctrim.— noseas  xmae-teronsps- 
orrSea  2x  x  granner  das  xSsrs  araf  psnate  aarSrainc  acffigteag  atteEp-  jpunt  2s 
be  scSdssr  is  naronmasrat  as  MazmrmfgCta:.  ^aSsadS?"  5xc  x  SaD  m2ir  dxjtti  t£ 

peaCSapf  af  TZlZlii  Xt<Q>  fd  sSsdast  mi;nn-!< mr.  asad  .yqirfgrmvTt  gagging..  Tbe 

sxn*  jdtes  tofcg  .rKicSnu  cx  aicsc  itafixicaa^  airo  bt  ^naiad  as  aura  da»  case 
ssx 2gr.  and  deae  ycggttgs  u'SE  irar  aa  efites  at  da  seated  s£  bigier-gratt  <mct Sny, 
Tfe  Seaif  aii  3seggag  xSstugrmg  af  aima5i  araf  sEromta  xre  rsmfufKrasf  da  *3*- 
ZrsnSzzT  iznts  cf  de  annminrnragtm:  sxgfr?  Safes.  Onnrotaprognc.  eaggisa..  as 
ra&S&yftmg  S*r  da-  DCS.  saaaJSx  iir  da  DCS  3CrecJtarr_  -w‘iP  as  xcSszdL  3ftrs-DCS 
■arcT-.  nnTfitagiro  aaggitg;  anramf  anifitcn  2a  da  -DCS  nadiadt  Sir  jfeacfiiactat  cm- 
itexegdro.  Gbmarfc  gaffgas  -»25  omatun  af  da  CannnsaiS  Oimgnanimgiartt  Siirrjca 
Sfegfi psfar  £XS3\\.  ast5  da  ormxne=ih£5  aiun&gr  25  x  irca£j  wg^r«eic  af  da  dtta:tl 
as  SsxaeifL  Oannefix.  5w  dteecsdina,  -w‘iS  ie  afanggad  au  atunjite?*-  <rftamni2  aum&err 
Ott?  ns-  i  auraiin^ta^.  CX5D  d  da  cErx’-UC  i  iggccca-  init  iCj.  aaimpad  stattangtirr. 
jricr23-_  Eionyinitrau  iliouif  5a  aSsnsSaf  t«  x  "liter?  ^35?^  aamuanfamra-  im£ 
iih:ii£d  ^zcihiay  x  -festri^tea  xaant  inr  da  dh:*n.  cgucmtgte  imurffc  -a  Sftufenx. 
jnmt^qggr.  ate.  ?_  OsrxnuEcant  z  a^si^iKHac  -nnzitaa  at-  da  aTiat  omic  nciraj 
x  menus  fcr  asaxcaraaa  «aa  raurmanz:  inexa  ^'Jd  da  rannnaptmgtTmT  "  wzprjatrs 
tit  x  jarsmaaac  xsit.  xad  xIErwds  Jar  lie  x»««ursi3uat  af  aanmumnncita  .^aettat' 

£  mar  sic^cc*  ox  x  sas^orxr?  5saa£_ 

F-xc  sEraax  TOadasa  front  apersircs  mf  frr  aeranx  di^uirxx  xmf  pmr- 
toto.  da  Proofcgsiag  3a cht233=x  mtac  *anro-  ^•mx  TmpC  ie  nSsf  x  Sacur  Dro&~ 

Bi tst  xs  i  ftdHrstessdro  frun  da  t^gamutsh  rsdcronirffif  iD-nmnur  53inx-5gaa 
Sag-  Tta  3asar  Haro— raua  if  tniEd*?  x  lamncmmif  teomadert  SO?  n  5a 
iccassaf  in  xemn  x-  xxejx  jerosr  lamiSdrmCKirs^  ainr  i|mrocceg^.  TOarroiro 
T*carmro£.  C  xtr.i  tarornaesrf  irni  udar  xECcurmTOrnt  xsroc  da  aiiTTrmsnmKt-nna 
imi  zt z  ■jtrocxrui'TTO.  £  a  i  nmciecs  nenez-  roctamng  xl  -suTO-u-TOrm  dan  nar? 
ie  assifec  in  da  Tfcamral  C-turroC  -tparocar*  liioia  da  romrrntmaaQtpg  nc 
•rorxuraaC2  of  tia  A7TC  ixrroTO.  Tins  r?-p?  cf  raaorc  5to  DZS  rrntrmirntiragrnig 
toiac  z*i  exec.  to~2s— tea  in  TfcaiiaTO.  CncErot  icarsETgf  5ar  fJiemaEfuTO  it  5*5 
5*X4-  fro  "gfiKt*  zi  daro  205  2*  rfiTOaro. 


75a  StEE-c  2aTO-B&f^.  mrac  smto  ^a  DC?  _>^r»c2xr?  astmp  5r 
lines-  7  rant*  etc’  rrr  C_roaite  5ar  vzutz  me  iutma  A7TC  aedb  v2T  at 


■r^-r^grefSit*  Then*  rwptflrwi  3~  ry»r**3>  at  £x t  X5g5as»-<SS£»  TrrietrTv. 

•gfiiriig?  «tot  2r  f&et  Is  seaaswSss  fie  gree  IfarrarS  »  srrsssSJ*  mrgtlmf.  it 
fie  DCS  EErscstnr*  sm£  rmfitaitesf  it  DCS.  taasjasan*.  StaStr  Itgfcgg  5rr  aca>- 
DCS  ^wmwftMgyaw.  xc^crcssi  at  1 12c?  aaxacer.  •sk'IE  b?  sagatead.  Tacat 
Unfispt  vSE  aprsaunt  fie  ifarttffliagtTngv  xroSs-cga  smgjgreafianr.w  ami  «g*:r- 
agtas  Ttoffittia*.  Oxsszvx  jartanB&ra  sf  fitf  CTnircrrihaiflirff  »Safi.  teraitniPt  aafi  'sar 
jsrct  fictxijfi  fie  aaxgkat  <tr  seearc  sf  rsspaan&Qlfi"  <t£  fie  S.TSC  ficsEllsr.  Tie 
xifcSL.’TfiniSfc  ssnaaat  afrecifnsgftmu  xca2  firamais  rns&xr-q^  itrp  sc^arprreca 

rsif  pmtgs-  5tc  Itttos  ax  ardtoS?  fie  xaee  atXinmgint  lap*qpsmen:  te  catsuits**  z£ 
emit  fifammu.,  Tie  fifisait  Interns  aaccaifi  ifanCgassirtinT..  rpcrufiaj;  Tcrtauaf 
OmCrsC  jaranretaeSv.  xm£  fie  tesnpiia?  rsaiSinp.  ap  sepjxnnns  reireosir  rernCGm 
jsts-sssg:  at  tnmrectinp;  sdfiEre  jepreenc^-iKEjsninr..  £rsm-  saer-smi  ax  amEr-amfL 
i»  fifisegtar.  Die  nfisntt  'furrey*  sms  ie  prsemsi  it  fie  fina-bara  i» 
*!hca£~<iiRir  fiissatta"  ami  ““firaapr  fifixuits..  “  a-  irfinr  or  aamtpasi  scittiaCta 
?rirarJEp_  "55tt&C  fieue  praucs  se  tr  x  nrsnrnttr  pmqfiiap.  fi»  jespiaamaf  re¬ 
main  inr  fie  ll^-ssaexcarlim^pucir.fc?  sfisuita  anrsc  2e  xxs£u!teL.  att  fisc  fie 
jrxcaaaur  -jeapama  sun  ''.nuEireit?’  fie  jrapfsaneji  ssrrnror  Inr  fie  agyxnggfim 
ximalt  -viunt  fie  jrittsEr?  ma»  ai  fiepersCae..  anti  amrowur  ^urfiea  a&irac 
osaftilefiiui  yrnafamaui  xtsnmn..  Certain  afiae  refinmafiair  aura®  fist gusucea 

t«Tmtpn»»T-  trtrf  seCXlitSSsf  it®  <~?rnm»r»rrteirn-  Tnffin_  TXCSUI2  -ri n—-; iTt— < urf  t»r»  _ 

«tUUipmiar  smrfEipxrsCKaa  for  .itasnitgw  are£  tnaffiet  itoureggir  If  amuc  ie  i^culhral? 
inr  fiiinim?  jrreiemrfima  te  jnmtuus  xar.it  regieae  if  fie  T*tmmn£  r.-merti 
rpersrtnn  if  fie  i.TT£  foreita . 

J.  2_?  ^ruutumrai 


z  xc  einxmanrs^  aae  ?tunrmmnrsc»ica  yt  fittrxrartce  atumtorrsf  iimntne, 
fie  ?*ncHHiun^  SfiHU’nes.  wH;  tr<nutac  fie  iem£  ante  r»cee*e  jafe  an  nuset  at 
fie  mcfc-iaeiiv  if  a£H  urroits  tc  fie  -jcvita  vatee  fiep  «5xsue  firm  fie  juse.  rex- 
fimt  tc  pttnpmamrul  retrurr  t£  tmsettiaifi  .-—JcracslUicC?  Tie  jemutst  n«*aaumuie 
ta  .nrntre.y~  xtikea  v*2T  ik  mTnmz  hi  x  remit  if  firatt  xeaxxvr  -rernnirng  as  fie 
eprrex  jeans.  Tie  resuming  jrsocre  ami  fie  mnrekr  if  iwl  ap3tisc.nna  at 
taper,  ficn  fi  lie  jCTceianr  txc  -neamcp  vil  u*  ntacr  tf  sst  ip  fie  nmr^iHretr 
jr^nma.  Trree  jsmanre»r  en-iie  wE  le  taevesoet  ip  fie  irxcer're'*  jrxiprxrn:t 
v  Jfi  amretiiTHt  jtfiei  i»!W4  asi  Cmunirute  ii'r  xxe£.  Smairr  anti  Ss»e~  remfiifitne 
a  cea?-mii3H  rerrare  Ksnie  V.'ien  t  remit  timdcant  n  tsuimuTffii  xt  v.  ?»«f  ir 
Xrrjsr  fie  incasaiic  jrsjpnma  m  re  am:  •naCcsTp  tremce  fie  :  rests ui  tf 
reireecnre  rears  ur  re  ap  «2rrre  :  r  snz  nre  re  fie  nfiCiin  tc  py.tpncnunx^ 
merer  if  .naimti sat  r*:{c«re:iJt\'  nr’  Tiia  at rersre— m*  *nre  ;reirefitn  s  re  re 
are-:mcre«m«i  ip  auatcireia  hv  rrereap  utre-.ne  raft  tme  ip  fie  rer^creamr  ifapsate 
re  i'.v  res-  :i  an  tie.  i  sire  w»ri  unit  r»-rere-t  yauaraieas  re  mnnsrer  fie  aTeraut 
rsnmimurresre  re  ~*'nrsi;ince  m  fie  :  .-rut  re-'isre  if  xp>:i.i  xrei  fie  KSttsin  ic 
syrre  •  n.niytars  -'•r‘:;«sa».ii>„rr'  re  :cts.  n  asi  2nr-rc  fill  asicnnn 


Xl* 


snanSariac.  ggaaagaer  lr®2£  3t2i sa£2rsx  ■&!£  5a  sady.-^if  sr-  las  yrrcs?ftsar  tmalr 
T>if’»i!jri  2s  'Sss  i»rrrt»  »~p.’n»:?  a*  fee  Sinsa  jagya  mimlacgi  as  22a  pass*  sf  cspxazt. 
saf  v£2  5a  stasggas  soft  pacfltsggg  iiw^b  2t  &s  ices*  *ces-_  £s  i  Ttasih  sf  firs 
CT-ffwaw  ™r»jfary»^  2e5ss  2»  jreaiEBis^prtgrirrTrP  tkfflssnsts  !fiac  fes  ferfta 
x=»  V»t**f*  2--gj"-’TMg.  sa  2»  carats:  sr  52x25=2520=3=  auc ter.  Saa  fcrSur  maru^ra^, 
ss  Seas:  as  xsx  adatStsaS  pitoc  szewssr  &s  yritec  af  aagsRBt  xa£  p: at  xf  gpzi^ 

5te  agttsegSa^ISr  asafec  S»  £a  ^mosimcr  ^gcapasc*  3x  SesShs-  irtrgtsa-  fix 
fatityt  is  *  sgwaEJr  sr  x  bctSps  s£  agtiftisssct.  cr  2hi£r  isaguiaaaggiimr,  ?rtor 
21  2as  agtexatg-c sac  sac  2i<n*it2inr.  sgsra-nr,  Se  praasaicrviprap=mnj  -artH  airgmitSs 
«*»  jurats.  ~tn£  sir  Amber  anflhaCirnru.  aC  lie  -asSnas  gfSsa tto  so  rnimltcanf  3t  daisr- 
-stfiicinsr  xe  arc  Sira  xar  ^cita3^r  sr  Mt,**  fttsSwK*  22  ammat  «t^i£^nn£JEC¥  <x£ 
•fit-  <mr»«rn  ^tgn.  jasega  of  sfgacites  •v£!x  2  anaoiar  casta  cat  5e  irr»hr&f_  Tt* 
aasatC  accttttcSuC  fiesrf&wf  tScxar  xiil  5a  garficatigf  at  aSfltttst  2r  sarnfftreitaf 
if  iuac  senaan  5aesSef£  at  or  at  statfamusc  anSttics,  OSes  laancatSmai  iacsasn: 
irfitrro-f  sasatlttt  tth*  suayitrSag  aipusaranEi  5a  atarfg  5?  2us  jraataatar  prx*- 
C=una_  Thant  "fur  ga_  rmater  Irss£  :tcrtirr..2tTmr,  sssaf  32s  Sytia  xa£  ycar^cStng 
v*U.  2a  Trxitir  5?  fie  jjcscHJxiptr  *j it; iif  ■•■urn*  ^iisst  2»s  csf  stmts  ^jnmnmar  lrw{£ 
■Mrir-m-r  xar  <tf  flffforrar  n3ttm.  ax.  Itit  lancsr  gasps  fer  tidier  simlto  cre 
(cauenraanx.  "Hint  rcsiHa  <r£  iiiii  anmtaritej^  Szuft  aniasmL  casta,  onaiyilit  imf 
snaif  agg^attt  xaa  tt>  5a  tcaamattf  tq  as  atttaat  sal  at  x  Hic?Ex?  at  Sa  aggrrqyrticrr 
THscanflot  £hncn?  jeattirnt.  agfi  Ja  aarilufittl  at  .iizGixitZirs  aati  Iftumcr 

ftarftar  luf3_  inta  tTRBtfla  tat  aSitr-  at  5a  ncrrrrSsf  g  ^aaarflr  casta,  adtenadtat 
±t  Itxr  rnufnnr^-iirnaini  caim  -irtrrrcp-  5ar  art  inanmutcgtst  tf  &r  tiCt£  astSiat  castir^ 
«af  tt  fflEraet  m.  tncpaSir  taja  Sir  ctfinesaurnt  t>acrUtwi£  yazrpu&s. 


?tr  3Efctf  amf  ‘aticer  cauggiexa  if  i  mmrmamciSnait  safita  jlcaSma.  Itnt^ 

j-ivYw^-r—'ranj  g-»v«i«  _  r^nrmiw  rr»  mgi»  n»"Tin>t'  'f>«»  jciceaarnr  ‘j»'!«-wn« 

v*H  StCKrnttnt  y  ^mShnr  tnnflgiiir.  u  rtwarit&iir  tc  tgg-tatpicStg fa.  SSsyrrtfc- 


5iit  iraaiEinTif  *fiEE  5a  tc  ggaprtffli^'  rt  fits  5tnt— 5aae_  '»  ywmmrriH-  imailh- 

ttmii  v‘iE  5e  tnucf  Sir  tgwrssar  tnCiSmSat.  5ar  iui  Bm^iasaisncr?  ttpatf  cc 
canapes,  jg^mwaC.  :aiiaaag  inf£  lia  rga&rgf  tmn— t^-'is^iarL  T5at  lia  aegnrasf 
esanir:  rtiE  5a  mrnRin.trasf  «asgctC.tgtX?  -slssr  t  caanntitacigtat  tarstiC  tr  25a 
igy repress  apn»?  nr  DCSOC  *ucciEat  is  tmtumus  2s  25a  rnoesnia;  sufr- 

Fiitanx  5ar  25as  torpaie.  tr  &?  2es  af  2:ir  rsanct  tnesnac*  •»'£!  5a  ptmeiret  me 
it  racar-tup*  rare  12  2ia  tesreserx  aptmt  »  stcr-i^  class  2s  &s  *.TEST  zuttHtS- 


J-Jiluasa  ir  Daprcmsiaas 


Tie  mtx  T2T7  tia^irt?  tv’iS  anfl&ig  titrrr  if  5cj2  it  icSer  rnni.- 
ttam  m  t  ryrni'r.  if  trait  cnarmniurmtine  mf  sanupcfflic  teraannaaea  craatsamg: 
v£l  caasar  cuSinsra;  micrmiaunt  2ran  viucii  Se  Tocnmcii  T.irsrnT>sr  car  ■xer- 
sa£_7  tarcap:  scs-rtsat  nr  niaerviBB  rrcsul;  v  Sr  mcnsenciaa  psrsramei.  rs^ssaajf 
21— issue.  *v.  Hvms  ir  snfocaaahrf  npmsrnr  if  aacnimnat.  T  tr  caictBraara 


^€1 


2e£2S=fi2Lxn5.  Sir  pranoiKar  Tg-jgasot  vflx  jaoasgng  St  y^afenteg  a£  a  **tc£ 
nrScr  SnnTOThf.tg  sfhlESf  Ah  sasnr  Afaraataat  nr  Sir  T«nhrua£  Crnont  apsmxac^a 
.m&pteg  sag  *223  tentetir  s  v*tzpax&i£  ium&es$  saS  jerdua *  *  jAfafeare  -sis  a  a*£s- 
ssjanrcitinr  so  Sir  ssOsasaaca  sarantesu.  Slor  gaggrataaSeg  Acsiwsa:  Sir  7te2ato£ 
OingaB  snsS  25a  sauOtessaca  stsass  rannflf  jpnwifir  a  Saafit  far  SssSaarsa 

asc  aqarecrSOt  assSasi,  2-  tors.  at  Sir  set?  sf  Ah  ^r^rrimP  Cartstr&cr  Sx r  Saf 
crraafltQtna.  Sir  AsrStCras  ire  r*3ttaca£  jctear  nhnt&f  Se  jcarfit.  aasracaSy  ire  5sip>- 
raasacsteai.  trines*  rSsaria  Ssaad  or  Ah  sratecesinjsr  5a=3!iir'a  sKStsm*  <s£  St? 
viaeifc  amf  jytrunf  t£  Saat  "fi^ufiraf  at  arag  far  scscHcOsi  3?*»rte- 

gttsing: *  •  ^rsmxs&assisx  titer  Ait  ■mritateaiiaat-  aurtoiL  tifcirnaetai 
rsfatDwr  to-  ligm'Hterag.  •naatcrairniar  amour  smf  rnatOTrire-accnpr  tniae  t«  SHWpUnf 
Sr  Air  jpsesraaitac  aaCauansa.  ire  taefhafiar  or  art?  mseem  Sac  am?  iesarmr  Our  au 
*  mult  <x£  a  Sad:  sz  S-ssSxs  samSiSira;.  ire  snngfisius'  s£  A»  aaammmra  vccS 
tcOtr  rtcnrSK.  anrr  5se  sestet^  it  Air  dwtamfir  daOB-csmr  js  amour  atfinmaCon 
isr  mrjrrmtf  ifcnphua. 

I-!-  4  1  Esuarsn"  rniticag  re  £*cpr:ttariujci 

"&?iun  a  Ste£  re  jknear  ^xnttUSaf!.  ire  art  sonnitte  rusoraroEf  ta  i  irumilc 
Snnaorianaat  sndba  rayrepmur  tc  jsnuF  naif  Srminr  Snnr  a  agcdCEu.  ttOjicimr 

IDmihiftraf.  ChnenC  SstEtto  or  auttonattirnfst  jaHbtaif  ih  iidicj  Ihnamri  «ronnni£  m  Sr 
ianu.  aa tiros  art  CperaOinaa:  Chnttiiaa&rg}  KteenjtH  ■CC3Q.  ran  a«  nimmngtaiilii 
pmrmtrrrr  inra.  aarmui  jearasar^t  asamttf  aafinmaSrou.  lopnHinnE  mHiUruraif  j«r- 
Jamama  -aftumggfrir  xntt  Oxta>*-te«r  aOtnOfti r.itetgg  Sir  tmcatmiKncn  at  Air  ut}:utmr 
1T«omOra£l  SmcrtL  Sunlit?  T'nu  CC3JZ  vim  St  srxrm-mlKmf  aoOnnsSinuty  vdiin 
tasaranx  rrdinrySn*  «r  nAoe  ntmtie  Si  Air  -Hi\n«wnt  !!^tncncn‘  rimcm  iunrit?  r: 
rrnTnitar  ar  Air  airscaamn?  ruliavaaasui  'Aurrvims  TrcfiracaT  €.incni  nyrritycca 
nunc  nuiwdinartr  Amur  r£  aracStiram  amnuniDi  _  inung  arraulraiir  nmrrrv.'ar « 

ar  ititir^  agntraunargsnig  xavssi. 


^rtsxsx  a  Sttjf  nr  Udiire  ntmdmin  ire  an  andn'tOuu-  nrrrun  xt  amagtratiKau? 
aminrse  an  teunj  jcnarae  tgam.  n  Au  jxh  nanuas  Air  nruntaavtc  jracsasnr 
viu.  -nHar-mmr  voeAne  2»  neaatl:  ar  a  AraaqA  nraiR.  tc  a  itim_  fuiTacarjaer  cesc 
ate  vmrri  Ae  # TEC  AmHi?  aas  Aa  mnnene  rttEyaupJnilCa  Titta*  aca.  jacseeAnr 
reroute  vir  As  xggcrgraasLB  rupnrd  ar  As  fea-sais  jir  i  .rrnttp-m  statfc  sit 
1-CSt  rsa  as  montmtigaurj  apna.1 1 ■asst  at  Air  rasaxvz  iastssrlxeit  tairtt®  Sir  saamninirunr 
s  Ah  nOaeaCT  Termurul  C-rccrtt  rarAc?  Ijtxzx  ramunriitic  srsac  mnapra- 
titmdteaa  »•-!.  tauisr  Ae  prmrrianc  propso  s  anroitfir  any  aespamurd  nrairr  ariic- 
tt nerm  trranerarit  at  Ah  fan— ana.-i  Ac  Ah  sralt  uwr  at  Aa  anAa_  tlifecr.-  Jv'iA 
gicUnk  siaeta  to  Ah  aymrtrnf  yuratitn  CT7  Aor.  Tima  ssr  ott^prs  v‘l_ 
pggrtil?  ta  tyyurtmur  at  nm  nr  ran  Ac~na..  ayptins  TAh  ryypmmld?  as  atcaidir 
Ah  ?>h  I.!  rt^wete  tueie - 2 "ho-A-tth  tc  jkj— :»rart.  =mxrit  mwet  rrtctm  at  at 
tnaaiEHHV  vil  aa  mtfudrat  nx  Ah  tuitpar'i  in  i  5xrtz  mtundiic  s  Air  TrAhncul  7t<ica~xs 
•otHty-ar  wrep-’j  rHips-rmirnrai  atitetrattinx^  Bum  an  rmii'tJt-inr-^”tup.  St*  an:  iy- 
rum  n  Stxrr  t  rr^c  m 


*  V . 


>v' 


3.i.4_2  &3K23ST 


c  caissaBsfagBsgi  tod  egsipr* gtt  pezt 

csazgrortag  see  fagjltr  s£  *3g'i?nsETS  Ssfaragfigs  -srjS  23to=ss«  fee  gpergfires  are 
gtcgcszd  to>  *3far  tsSrs  Ssrc&aSfa  reafar^  RtsSce  cr  repasai  sag&nftai  ceSibed 
fahsomstas  far  (Ss^Car  or  prrcificf.  fror:  fie  prceassisg  afihsysiErto  These 
ics&am  JE2E  rs^resas  fa  tarnraarfigii  tr£?  be  fade  ta  tbe  fares  e£  esssfarcs  to 

<gr»»  •T^I— TT--<-  •=>>»»  yf-irr.~rrr~f^y  3>»r-  bj  &=a»  fff 

^  i~:y?3.»viTt^-far3aae.~4a?g  to  Lfafia?/  fa  pxrifadxr  ecgfifasri  to  fa  procesaesr/ 
♦irjynmt.  inf  fa  cy^rarrt&T-rr?e  ba/bretra  ssaccuxisc  torbfx  fa  CST  device  fa 
•nrrj-  3  cf  fie  ■axcrtaii.  Dsiprsaefac;  cf  i  7 rqggasanatS-i facSfarfay 

fa  fas  prrpitre  ~*i£  sataa?  fa  pmseayrar  ’•'prop-Xto  to  sttrensa-  fa  Stomas  cf  fa 
innnnarrrf  or  fa  CHT  fare  xr2fi  rs  nr^rasStnr  -yfifre  *ss£  -sfaSS  pzr3to£tor3  xzz 
irsunisstf  to  fit  mcjftmf  Trtxt  fa  teptosrfi.  Ybe  cgefafig  cam  antreS  fa?  fa^tojr 
bv  me  a  1  CTTttf??  ia/ .  'Sfar?  fa  r^mtossf  ptotoreffiErr  toe  cat  fa  CHT 

*ttfa  1b  tae  cf  fie  fasbmi  -f.  fie  me.nc.-ur  wiS  ifae  sefrcsas  fie  pr  to  irnprS  izj 
to  ana.  fa  im^Ttrnnritm.  2  fa  mentor  fagcaaaea  fie  jr?  fey  pn>nr  to  gTsaftShs 
fa  aufananr  muter?*  ptoarnecara..  to  df  ae  amaas  errafSv.  fa  jrcnesanir  prcsinrrr 
v~L  fa r.»  *  fa  aronccar  mpm  jcHetlEifi.  Ufa  prrcasaor  -pragmss-  wS  rea^enc 
letotoitt?  an^  m  a  rsae£t  cf  tap rc  cf  totac*/  Tifttf  ^monifa 


.«?  V: 


Saanaeii  MzTSaHa  b?  cgemtor*.  v£j  jesaefaEj  be  gefifarEHtf  bp  secxe- 
rntumiO:  aw'Jfcnhnjf  £unu{£  fa  pmresanr  pr^rTnu^  SwrtaitotnfaTg  xni-frgata; 
•mrj  be  -pErfrumsf  ip  fa  ?teamra£  OtoCrci  cgesatorr  aa  i  nrrrsufije  nrSaur 
—  far  *»C3mra»totgit  rf  aaer-  torminrC  toirajmarrs  nr  iniiacfifaT  im*a.  ir-zst 
i  axrtontop  totoiic  min*-,  to  arc  x3taraactoe  ycacitanreif  -rorsuo:  mast,  sar  ito  rscmr- 
i  itoriTS  m  tmjuronef  rjrritb  mna  wiutr  binfi  fa  pr.-n.t  “?  «a£  ite-sfa  V-^~ 
rmnneri  rsmitea  toe  n:c  icemExaaaC  arc  ao^^aaasnrifito-grtoria  safe. 
s^TrnnitTirrTge  fw-Jtormij  rut/  i£ri<r  be  ceninr  n»si  br  r«totoSRg  aeramnrer  far  3aacfis 
jmr^rjuia.  ^_«_ .  unmeitoiE;  tots:  4*m2famsat3  to-  -r^irmSa  -rr  to  sOTfaneaxa  sicpnrfir^ 
rcrn'oruimriOnii*.  -nr  far  r-inafitaifinj  icqva^messst  vfas.  fira  lags St5.tr/  2*  jcm'fatf- 
Tbe  Tnffcrrrmtr  rnrmmctfii  toe  sic assf  auto  fa  rmceaiarr  far  fa  r  .-up-uns  it  fa 
mme  rmntnrr  u?  jcrrtauto*  ntHurfaif.  Tie  crrceaisi-r  prgrm  uncap:  fiaae 
n£brf  Ttunrntotbr.  fiex  iHsento  tor:  amie  feyia*-^3itoi-«cc£  xuftonictoxna  to  fa 
tt>  -rwT-»  cmarrnl^to  tf  fa  acmrccms?  Fv-*—tuu5  cm srbt  to  amfa  tmi  breai 
nyamfc  rrcatfijcmc?  cf  fa  fwJrrb  cr-.'  r._^rr...  Tie  matonljer  sdfar  muSnctm 
rrrti'enp  jrrrf  rcsisOSE  cf  fa  uppr  i-  ar?  rrcsagruac?  nr  sifaasas  i  buroctrg  uraft- 
cunt  cf  fie  cutorir  to  fa  pr">~a5Knr  pcpraa.  Tins  mufanmcucir  to  atcclbiug  25 
re£ar*>Ef  '.r  fie  cgemtaij  toetfiits  -ra.  i^scrrctorciis  far  auucunf  puraim?  to  merer - 
p_iKi  r>  irmrt:  tremr  if  fa  rmrdfcrjT.  via  cihcinrnr..  -  fa  toctrc.'''cr  nc«a  cue 
ZK-thrsr"  fa  ugnuaf  pmntua?  tnbice  xl  x  raufocmik  ass^fi.  tf  tone  b  ■»*£*  mnrrui 
fie  -ymerc  *f  tun  *nmi5r2ajc  mfinr  x  leocnd  toms.  Tbm  supastatoar  cf  tgemsnr 
cmrauxl  urbUcn.  sea  cc  caami  letC  fa  fa  be~X2*  j/  crxT.Tiarrichcg  fie  pmstaunr  prcEtocn 
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tt>  cacnceS  21.  Wh«a  sarrm?  peisbes  are  sa»3e  fi-rocgb  fee  C3e  eg  ;gfebcoro£&,  fee 
pgc£^3Sgr/brx3g?a.rr!S  •serif?-,  Error  pzfeseo-ri  secs±^.  Srti  Sr  proper  asad 
pitziiss  »2es  gad?..  H  {siproper  pcirrgs  *are  rrarcatSj  rssoe,  -be  processor/ 
pro grzras  •*•23  sotifj  fee  eperstor  zocoroiagij. 


Operstoss  *2?  resjarsi  cSsgszj.s  zaa  pfeaSoas  c£  irgocaaafeaa  &sa  fee 
proezrufess;  s^ejeisrs-  Ties  reqtssJs  ®21  be  esfered  fete  fee  processes-  fcr 
ggaggiras  is  be  Carra  of  r^» — sss£s  eg-  rp=~*-g  Tbsse  *ES  be  regnaass  £ssr  fee 
sfistes  eff  speciSr  eeecrnteStea&cD  eafefees,  grasps  cf  eratfifea.  or  sazans  5=e  fee 
fs£5?e  gStS&flft,  Tbe?  car?  z&so  be  Set  csessa^aSaB  eatero  eas£gcnaSans  sr 
sraSa-ap.  Tbej  erigr  be  ^ssrses  abccS.  spesfeSr  GrosrorEscztfas  or  eccfecasai 
eaagSaa.  ctae  c£  Seas  re^tseses  or  qaeg’k&f  rszj  cccgggSagg  s  -scfccne  c£  feferrat- 
gfcts  fcr  ggSifisrsc  ax  fee  bgb-^pee^-pr2iter.  lias:  vsspssts  zzz  cresected  cc  fee 
C3T  fcces  c£  fee  egg  rasfiag  jcefeScs:  essscaes-  A  2  sat£53  raygete  *r22  Se  ianarred. 
libss  tSe  zsrarnC  c£  feteranfeScc  »  be  ggggggfl»i  ax  fee  Sure  cf  fee  CST  <5&$ixT 
czzeG&s  St?  3ce-££se  (fepSr?  cagatsSar.  fee  ape racer  raa  roS  fee  preeenczs&as  as 
•riiw  fee  rsxS  aibdc  off  fefccagrSSgffi. 


3.3.-C-4  Program 


G»ffi~r>3  jjroeprcm  fearrzcterSrCirs  irere  eaifegrs-tnidi  5.*  (feaemafe e  -»5afe 
•Kzrs  seeded  inti  cesfes&Oe  far  fee  groegaanag  ssce.  sSzm,  Tars?  -program  dhar- 
xctarSsferr®  -w*r»»  gnsagscfcag  tr  SrSaw^ 


W  =  3ftmnraro7 
I?  =  SSia/i-:  il L5> 
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3fcdmzr  pro^raaimrmg 

SrssfiErf  ntssrime  reew^aer  nodiffes 


liiisitairi?  bmggap? 


Praaeacc  -usser.av-ng  rf  mrx  jaazSnz: 
C?cin  aaam?  roerrsa-nr 


c  CraojgrriJrjrn  :t  yiiara'ti  rresnnr? 


Prx-jui br  natgeam  -rf  viiac^e  raiaanr? 
5vicrm*»r7  rraprm 
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K 
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Se££2s£s  IfC  rrcchte 

Dfeert  rsSt£Sa2j45?  bscmaz  sesmrr  I fesa^  gaS 
&t»  keajSnr.  c£  3rs  rsssSad  cza 

y£rSa£x  c£  oca  fact  a3  seanars 

SZSgfcagsag  zarmg  Srr  sanacc  asmSeatii 

^cxrr^irrr'  i^g  i  sas2jcxr  Tiftte  aataagf  TtJ 

ftrsmcfif 


aa&pggiagica  etf 1 


secsttaos  as&Kcrz 


CgCramS  araKrascr  rccSSnSLcat  act  irssanniif 
arcsaECtef 


G5 tscmts  -rm^igr-TTrrv.T^  a£  DesSrzr  anni?- 

iiu  asCKe&s.  sewrrai!  t2csaocu£  crtaiiiliajct 


•isscaaBTC  acjnrc  igmnr 


PrasffietSKn.  <rf  cSsf  Sfcasafctut  sr-arain^  (Crwaf 
atm£3,2tat> 


AatrtCTOa^narn: 

«  irkairw-*ia533u*trn  sokce?  yaHnftur 
a  SssSimSrarr?  yarr.e?  ahasr.  «Sjsr* 

S  Fir 3C  i»no£  itSot  J^rn^fiirr? 

«  2  re  *£2L  2  Crtuta.  af  rrrt  aptrrm-nr 

•  SArx  r  caiwa  rad 

•  JCmararrt  iansac  srr  accstay^yagiTtftit 
i&srn  Ccrrcnil 


«  CnrruE  r:  rmrrr?  zzrasrrs 


^ ^•rr#^ ^ *j* **«\,*r~*+*  »*•«<**>,***«  ’n^^>»»t»^«»t)>^i 


iL  ’**?—'**'•-  CbeteaG 


•  2xr£  asgsr  c£  case? . 


,  f:r.Riia  aiffr&S  Trcranr  -rug-fe  safltrdE 


aster 


r  C^enter  actaKwsSaqgateSg  to>  ggsaaS  case 


-  25  3u>  iCSL  it  TrTrtiin?  arse 


•  f  ateirntcar  -mn^hr^ , 


.  tem*  mma?  afenfir 


•  Tiy&Cr  iftrnrt  Csftftn  aUsrr  id 
e_  Sfinpha 


ghflfir  earn  tire  ■  ante  sE  buM? 


•  iufr~<ina&il»  Sir  «sca  infer 


•  Ehi^ife^csi^aeac  5s  te-rtor  teJesemfeaE 

•  afenttntir-  dlinyury  infer 


Star  *V-Ig'  '***<t***f'  «t 


•  Pzrtecf  ffngih?  if  fcsx  ggr  rail 


•  ^lesousg  rf  "SiKpic?  rs^asaa? 


«  pTucfe 


f*ntp»gt  rsczmllto 


!_  Spyrrstr  sasgs 


SagSt  ■ 


rsncra  mtscia 


*  rcc—jsija&r  5tr  oca  tefear 


•  taper  aagrai  rr 


irtffmg  ante 


*  Atfecwfeapiasr  i:  ayrnax-  -£  asut 


•  C-Turgyrma  >-raC  ra&aiafag 


«,  input  -BtasrSx; 


5-  Qscrj 


•  QarrSre : 
breczgi: 


<3enSsc»  ce£t  i2i5Erss:2i2srf 


r"i  snot 


;  2r  Tnr2?»  ^bssj  se^sbsS 


»  Khaaa&neagg  gpgr&.« 


•  Qcsr?  'rrrrT'Vj-  JeatsssHsasS  isrlrcT  ±a-!aar 
*iiT-n--rf  aEss££agi 

•  Bpnniltr  aggsS  £ar  5^5-wihsar  ^rncSet 

•  Qacs?  Jjsar2a£!sac 

•  ^aer?  *~:m  22?  isc^r  dsttx 

0  Sfc  tass*-5um.  asSSsssC  icsjpxsm?  ^carr-t 

•  3satf  atoa-g  arxagns  <3*27  : 

IDyfaisr 

:  T2rrrj  c£  swsr?  iirxtar 


•  JfcJE  grttitetC  aaSnrsaCisn;  ar.garrfr  sccr* 

•  if  sst25ssr 
’ZjtSscz  jresysr 

«  wTHPii  TiiaaaV  saf  suij^auafefe  s=r 


Cartra-aiE  iir  iCTf*-  iseii  tushie  g&’rraes 


Sfecegg*  -jgusgarixac 


•  Caai5±ifasz£t  ^umapr : 


scdha? 


?2rxiii5»r  ir  tncr  f  snjesss  ^rae  *»a.  acut 


eaceii 


=7  3E2i*3  s&rrs^;  riSii^sC 
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L  rSgfflJSgS'T 


•  S£s=!5»  cf  23  TCffldSe  ^a£x  cd  =2iss  steags 


»  £ 
t  K 


SfcSETy 


Tarsus-  aaeax  cd  ^gcorerj  dzSa 


Bescnesr  program  Jcefss  no  traces  after 


t_  wceraaS 


Tiufc  CE  £SSX2223 


SrCry  asr  ersery : 


teebkeSs 


■sacra!  grfcry  pararseter  is  mir 


•  Mass  staae : 


ri  tee  cat  available 


•  ’Sxrning  to  operator  c*  tape 


se_  SEScafiae 


Tzite  drirec. 


•  TksSs  esuiiss  soedfv  fraction  entrances 


»  Cyclic  storage  of  recovery  data 


•  PsactkES  called  as  closed  subroctmes 


3.4  OOSSCS-Z  DUPLAY  AM)  CONTBOL  EQUIPMENT 


Tbs  drscfcy  and  cr  strol  analysis  task  report  (Section  XVI  of  Volume  II) 
pcgrkfcs  sa  in—depfe  and  evaluation  of  console  requirements  for  the 

A  TEC  facility.  T>s  foUcsing  psrs^prapas  provide  a  summary  of  the  display  aad 
.-yi  gri-4  sralysis  fgti rng-^  2nd  ?is  j  introduces  requirements  that  have  evolved 
aaaiysls  of  She  A  TEC  facility. 


3.4.1  Console  Positions 


From  system  analysis  developed  in  Section  HI,  ATEC  System 
Concepts,  the  types  of  console  positio  ns  have  been  defined  from  functional  re¬ 
quirements  as: 

a.  Status  monitoring 

b.  Quality  control 

c.  Central  control. 

Hie  status  monitoring  console  position’s  primary  concern  involves  the  functions 
of  equipment,  link  and  circuit  monitoring.  These  positions  handle  routine  problems 
of  operation  and  control.  The  number  of  these  positions  will  vary  with  the  ai&e  of 
the  ATEC  facility;  typically,  one  for  a  small  site,  two  for  a  medium  size  site  and 
three  for  a  large  ste/.on.  The  quantity  can  also  vary  with  the  number  of  high  priority 
circuits,  thereby  making  the  number  of  positions  a  function  of  the  operational 
requirements  of  a  particular  facility 

The  quality  control  position  evolved  from  requirements  in  DC  AC  310-70-1 
for  quality  monitoring  of  circuits,  channels,  links,  and  equipment,  on  a  sched¬ 
uled  basis,  to  assure  performance  of  these  items.  Typically,  there  will  be  only 
one  of  these  positions  at  a  large  ATEC  faclli'y.  There  may  not  be  a  separate  quality 
control  position  at  a  small  or  medium  sh..<  sits.  This  function  can  be  combined 
with  a  status  monitor  position  and  will  depend  upon  the  operational  requirement 
of  the  particular  station. 

The  Central  Control  position  encompasses  the  functions  of  both  Central 
Control  and  system  status  monitoring.  This  is  tbs  supervisory  position  and  the 
Central  Controller  directs  the  at  Jons  of  all  other  controllers ,  from  this  console. 

3.4.2  Status  Monitoring  Console  Position 

The  display  and  ccirrci  functional  requirements  for  the  status  monitoring 
console  position  will  be  as  recommended  in  Section  XVI;  namely,  (a)  static  refer¬ 
ence  file,  (b)  interactive  terminal,  and  (c>  selective  hard  copy.  In  addition,  the 
position  will  also  be  equipped  with  operational  test  equipment  for  normal  Tech 
Control  test  functions  and  a  teletypewriter  set  to  be  used  for  orderwire  and  moni¬ 
toring  purposes.  The  operational  test  equipment  will  provide  the  capability  for 
both  analog  and  digital  testing  and  monitoring  when  the  ATEC  facility  has  both 
types  of  circuits.  A  typical  status  monitoring  console  position  is  depicted  in 
Figure  16.  The  sit-down  bay  position,  in  the  center,  is  the  interactive  terminal 


sdfa  raacgr  e^ffarcaiigatsar  gagtftesaS-  Isas  -csS  ■sar'SSfl r  Insert:::,  aagx 

asflatsgaea.  -anter  saS  sgSg^geMgittnr  aafiercaa  agasg&sy.  arfi  Sssiws  ssfl  fagatfiacc 
far  «sarg  scScngtof  asS  <gfes  yS>rrg  tosathatge.  2sslKrtaTi&.  gsilftftr  sss£  gacag 
*WH~r»)-~g  «3T!  *r  ; a=g^Stt5  ♦w  gtefe--  3s5  -•■rra«>*ei~g 

■ftiorhlt-  rr£  aae  Sa^as  Ss  Sx?  ;ragfatsg;  sc  lie  let  21  lie  farattr  rtifaggaat  5i3r 
<3fe  faa%£s?~  gsaaes.  a03je  agQgsllsr  sacgadS  Sags  ss£  Qg  gS^ib:  Ste^  ^UgGsa 

fafcxiL  i5e  .v.rmetat  !fe»  asfe  arg*  A»*tefi  stperr-Aimt^  tr-tr. 

sags  far  •r^srm'C  25*  sSssssa£  zzsrL'ytai.  sSe  sgitaiS:  a£  3ec  grsacgasc  sa£E  fagjfacSc 
x  .*jW»s  trrPrrrmhitlCT-  ****  «*e.  %  rfiitgtgfaer  ICiggBgSr  3=*g  at  S3.  aafift.  *TK”<rM 
mnerrata;.  3.  Srsec  ss£  saint  tcsaagS&g  sbsl  ssS  3  *T  aiar  sm£  sanster 
irrgfflfar  -g£ti  teaSapessaz.  .fcastltori  g^aggacaL  *asi  n  arar  rut  s»eirs2tes. 
wrfiriiaatL  srsfafatttes  rtor  rsEWEStof  srrf  ysnwcr  issgStat,.  wifa.  a*  arsgsuJetf  or 
fair  3awcr  of  fae  inrf  gammer. 


"Slat  aeitictoae  Satsf  at^s  aa£  awfltijawcs  ■antatterr  aaito'jgwgQrr  jcfc  *flt 
5*  ycaiifaassi  Sarftac  fae  an?  pcSCtar  far  ;i>r:rjCae  sraf-tcrnasf  .*c=HB3~  12a  .fc3n£ 

.*&£  «t!L  ttsosf  far-  3«£brto=r  Sasrf  tsaj*,.  »s£E  g-raiaflt  •aarAotg  «4£S:  lie  asagaggar 
tf-nrrrg?,  3g~g  t£ac-  icS  xx  3  fatcfara  ittssS  itmrr  far  far  ilfcicrsmnrc  ifarafaaafa. 

TSe  7**-  S  jpgaggaAaaeS  “Eiiicpsigjs  **r£,  42^.  .larStr  ■JBnrrtas*.  EacrfttU 
JftSE  sen  -salE  yrinaie  lie  scssanasr*  aassSttnct  far  aefn^jiewsttcr  xc&rst'irts*  or 
fawcox.  Pas'%.  n£  atii«g  SSHii/Si.  iuwrwtr_  at  fair  gear  if  miner  -ETaJT'M^ 

far  JsSHE  £SZ  seS  snaTriS  xibc-ie  aaess  if  fair  fanvnjmittsfinr  linmntC  at-  ’tanrJir  x 
253’  Sstas  rare  tSpsti L  Cap;iiil>fy  «J£E  2r  ^gntfifaig  far  anuai&aUrt  mr  iigaaaaa. 
salt  lie  223t  »2  IS  sc£_  "SSe  2faifafhtfant  Star  Cinsmers.  ^ISrD)  fat  inwf  3x 
sntssrtrS  lie  to»r2  if  Ihitsy^iryriitir  siigm£&  m  faux?  Hr-  imctttrr  rJicratrr 

•v'iE  fat  aifafl’  S'  silt  m— Ire  wHt  merrK.  >2  r’  a  isi£  ?T?" s.  -or  usc.t  s  imniirr  idirtr^e- 

sr gj^sr  SSfar  <fc^f<*  ^  ir_in»i£  th»*-p— -?ri»  *2.  WD  UtE" 

fast  jEzv?x2eg£  xc  lie  iJi£iT£  ygrrit  facritfca  far  lae  xf  xtusc^ew-Ttax  tsrfemm  sm* 
iaa^  so-  fasc  lie  Ttrmg  ncmiter  yaailiur  vlE  me  awrf  fa?  sranttar  fae  xPfaBT»t» 
irsutfa  Hie  3E52  sees  s-IL  faiic.  jm'ifir  sans  faiw"-*^  tana  fa  outss  fae  Tfitr- 
acfar*  i?  faffastuE  2  fanny  in  Sc  graegslrr  mirxxzira. 


X.  -5_X  QoalCx  Cccrrsl  Ofttamit  ?a;Eic: 


Hie  ^i^EET  irri  mcra  hnfaax  sacctrstantrc?  far  far  niailtai  raafari 
rtnacut  yosiScc  srSE  ie  far  state  n  facse  *aecniiis£  fa  saragjaajjri^tt  X  Ci  Sir 
fae  fsafas  monitor  rcc®iut  pnKfcmr..  ecscs  fans  fact  iraB  liisr  rnr'ttor  mtr? 
•seenfaiaga  sees  eoafannsic  irds  faitee^Tgerter  tefa  far  sxszsxi&d  caf.  mart  se- 
ss£*i  fatttotg  esc  aaasSlarssg  Tie  crtlto  zcacrzi  tsasak  yoa-Scst  »2.  ixr 
gixiapg..  ie  ■przsftfesz  v&  2  TT  sin amt:  m^cgarEintcgr  Stas  tec  far  faes  jfaeci- 
sec  c£  Tmtrc-  rsrssrss.  .4  g&gga^  r^afars  12  ex  ASCH;  ses  vST  ym’tit  fancfnaal 
dzfat  or  fae  T?  cirfass  or  iHatl  sar  fa^jaencj  ss^ycase,  taneifapt  -fascET.  zgjfaiifa 
fa— sccst  rEfav,  fasosEECT  faEggaifamr,  yfacs*  ^ifaer.  anaagi  xnpHser  mmiau: 


attffcctesr  gsS  2sac  it  ±saaii  teefc.  *  Tr?-'3*?1  gastee  gaasilg  y^rrfm^.  ^ 

tfeac  3ft  73ese?  TL  USs  teaesgsagat  tor  ter  tetaac  5x^»  <as  tot  2tgl  2=5  ter  J&ZTp 
ste22£C  *tS  aasa  to  tee  gear  gteg  toscapcaiCft3gSte<_te.  acg ysglttlrs 

=t  ter  ssgSt  gresQas  «  sz~nr,  Ssa^ae  ssg  afjpte  jasassSax.  is  crmflrps- iieirT 
snraftsrta;:  *«L  =  uptgtenr  stejssss^.  x.  fesgarteg  «5gstear  wdtesgaer  ate  =  T? 
■gjaeaeS  JBaifegcsftssaggg-  toes  srfi.  Tiar  £512  SHfc  pEmaaej  tor  tes=a~«ssjsc 
ssastogcs  Ssr  ter  tanUpcftar^arg  acsft  asc^  tS*  swr-  2S&  **  SSt.  _us.  pernegfir 
Sir  <tratterf.  saxattogtec  s£  teteSspp»,sSftsr  gftmute.  gaSsr  aga¬ 
te.  JL*  OeggsL  Offlgssf  OsoKtur  ?aatt net 

T*  iissilx?  s=ff  is=m£  2=sette=£  ftatatearggsis.  fbrr  tee  ~  Oirtenl 

gsasnir  psfittos.  -s-tH  Sr  sa  ftBasatggaeSgg  3r  Settees:  3T5E.  gg^.  *&8  naxr- 

ssxar  5Bt.  Cl*  aster  -<utet*r  imbsL  ssf  3*  «ante?*r  teste  sn^r*.  TDw  ytatiSixxt 
*s££  afists-  Sasar  *  ite^r  spate  ftrffcpfttetts'  fear  2saC  satefoeg  a£  grncsamrtr  *i<fliim!«rnn- 
asf  3:  tttIte?3KBrtetXnr  soft  ter  cnrterriirr  sags  saaattateac  gaayaK3>  "Sir  irm- 
r£f£  5*  sgixfl&r  sf  mntan&f  silgUaC  ate  •waisr  stejerwttess-fer-  sacctetsteea.  j-^y-***"* 
tSff  leatgrus:  atnaifc?  telE  s£oa  sssatcS  at  ter  saggar  sntsiltxg  »«£  ngsrrT 

jmtittlTM  5w g  ggprer^fritm-  ^  =>**&*  »*=f-  mrr*rf<**sg*rar.  t  ^srit~g  .Tjrtttnrtf  S*>rr»t»rtf 

smar.iV  pattttna  as  ytgn>yg£  sr  3*jpns-  "SSje  s*£-Sar?T>  2s?  ftKSi&xa:  oat  ter  tet 
it  ter  sfttee  rtHirrtant  ter  *tet  tets jtej  gesaag^  lilittt-  agattteen  gasSaE  tersest  and 
‘sSld  ttEiftr  tear?  tegfisf  eitete.  Tae  8xg  yaa  ttms  at  ter  c^gte  ter  ter  agtesftttear 
ftcrtegaa  -ante  natter  a£fc2ss«s3tr2ter  aagtioKgfL  2taeS  rrc£  asrtetur  fling*  w 

to®  agxeisnun^.  ■wjtar  afts£  ftrfbo^jist^tcr  aa^rrasasa-  anQnsSinn  ssnfi  teretea:  ssaf 
SggrfiMg:  iir  aoitar  zfffesa«is*  ssg£  jtoar  ggisttilliu. 

Tur  3*tiue2jatt  ssts£  ctjw„  Sajft;  sijissi  yc*tattr  gs£  nrOnrviirt;  ausmttnr 
ftmtg^gorrter-  scan  viH  2r  arStssawt  tenisf  ter  tenas  rf  ter  EnaaiHr  jcmttrtni.  IHur 
•«S2E  iS  *r£  is*k£  ter  «ru«£t»r  v^IL  inarfrgg  vitt  ter  as*nssrft£»r 

ftemn,naf>.  sac  22a  siaa  it*  aacf  ias  imnrstag  teagggt  amx>  ter  teta*-Sxa».  ‘SSii 
iup  J^earf  printer  -»‘IE  ia  a^tpirrgf  ter  rsasuf  srarfhnr.  ffcanx  ter  praatriKcc-  if 
imtumnout  sm»u~nanf  tetru.  juna  ut  cateat  ssf  s^aasar  johui  “HS* 

2Z2.  vIE  "in  saeC  ter  iscirflmnftnn.  twist  teieiapEnprlter  nrfegarxrta  w'iit 

aaarriv.  ??’?"£.  UCr  s  iraf  -atear  S.TS^'t.  SSHtr  t  v<X  te  mqtHraf  ter  marteaias 
tee  aeaesal  teras^Kwriter  egrate  at  is*  te  tee  -rsasitga:  inBtrur?  narxuaKt  ***** 
nr^iteET  ugE cffiL 

3-i  JZEXS3^r5SS 


Tat  mter  mptaaib'e  it  texa  ^arj^ngn-  n  n  Snfttear  i  »'il  if  *ifimre  Z. 
teteafr  ^Xiiaspftjpsrrteag  isif  Jtest  rercasans  ate  Zxiugnrfgt-  ’  Tie 

ia Sosmc  i  surmr?  rf  teeae  rspmmsicift<mg  ite  tee  aftSarnsa  rrraiurraiiirita 

vftarit  isrse  racewf  imriat  Fjrtnzai  mhaa 


DrfersSlst* 


~Sx  aaskgagisct  macStjr  sag  55-  2ES  SssJH&cb..  a»  aacSHi^acS  3» 
SClsT  Sfr-Sfr-S.  yaenat  Jar  -arte  sxLisc  stSs^pearrstter  TOsatassBatflaB  5 fcscr 
SJac  'TZP'z  a«»  sSscr  ‘3UTX.  to  arrsar  soar  PTT^.  ss£  TO  sOc*  jr.arH!s^c  saa- 
~~rrn~*rir~a.  «e»i  w.  sre*  saotflaCT  aStSeS^  x£S  SZtTZS- 

«snar  sag  TOsasejSssHr  isatag  sitSsfc.  itrSttllSr  ssrJi.  rrtzmirtirr^  ef-sng.r^TO  ssSSt 
aasaassir  asg  agatgatasTOS  ^-r— — t_t *inr  ^a-»n«ti*-r  Sar  actexSBarf  a>  stag 
2rr- SansSttsSljSS  St  3TO  ^^'.ar.sf'Lfr~  -rf  -v-.-»<t»g:  *r*Vpy^,  m^p*\pmse!t 

j^eaasBsra^ 


iaqj,  sr  IctoE  sgfbrattsrt  sss  can#  -arter  a  2C3  toc?  Ssam 
*reacs£  jPSr**  air  xsSscxsSSxsoat  '2*J$',x  -rfittA  cvjsSSxs  <scssaursstB  asm  s£  at  accirr- 
*Cst_  2>r3ts3tef  rTOa^ypsr-TOitr  xrTOrr&aa-  gissaggS  a  IKS?  -xtHt  aflScrr  TOfttc  ir-C?1 
ssf  it  Sa»  .tsgcffTO?  smcc  sSss-  'Sat  rcnTOfwg  SJ*r  TOTOt^rogstTOr  •icfitgwaaet  casurf  sc 
ynac-o^girrt  Sr  22:  safla  s{ta>  "Saar  tfacScaasf  srTOirrTOw  3H2ST  3tTO2atr  3*T 

praorf  TOS-  £tuss  Tfu&t.  set  *ne=aar  scsf  tfttncr  S=£  ssr  aeaaccaaaL.  TDar  -pgrr^to 


s£  ctUhtsr  rp-p  *-‘iI  as?  saauaia^  to  ^pesaHarst.  rmpissicwcss  «TOL 
3»  Sir  tamCrr  sag  ifjjjr  •*£  Inis  tiigmitt'g  r*<  * 


aor  snTOraritsct  asex  s£an<  ascs£  c*Onsifn£V  *ttr  soas^  ssD*at  ppnagt 
TOJtacneL  ar£  taw  to  3*32***  stag  sic  tsar  saarrs.  Eircr  Irw_  :£  m*.  axsr 

caar^actL  Sir  naacrTSgtgar  yei?™*1-  tax  rtscSixUaf  »  tatrfcsnagtsg  TOlfcmrSixir 
tag  iggmrtiisa^  acsaagfogSL.  'Stggtr  &scai  Ousng  saiga-  seTOragiaa  tar  nrrma£Dji 
Jhrfltrstt a£  gjgraittt  sag  tcxsm?  g&atsrat  at  !&r  W  gggsatnr  tnilKfcQEC  <i£  x  troUtr  3aSfc 
xr  set  mtcsxst  TO  TsfiUr  yatrs-  -«TOit  Sir  attet  srsr  tacsttw.  5^nr  HiS  smC  S3G2C ^  t 
Init  TOttKTv*trr  it  snimail^?  jirmalfaC  lar  snuatCTOrr  ^ar^aastst  saJ  TOxnytsx  t 
jscStTO  it  ta»  Ssaetirag  iJtlrsw  -tar  saittotos-  It  sccraat  tnatum^.  Smt  TOfeoUtt 
it  irsatixiiJtr  it  'SteS  SaCnt,  'Sar  .tna.  agaerxosg  at.,  xiwvau..  =  ifes- 

•»j»>~»i'Vrrr»-  •nrpttnrt  -n>tT=5C£ttns£  -tiaciKilaK  it  i2  aat_  It  atnnr  af  Jir  tnmtnxmUrt- 
Inxm  tasoian:^  to  gsqjrgar  cc&scv>ss3r  Scat  sestst  TOrfgrfL  it  Sr  srcrxuro  afenairf. 
tps-ssrtnr^.  asSust  jenefc  Jtr  aeutcstwr  rvn—gjja:  tadliaf  istitas-  2w  STTS?  tr  -dail^ 
Witt  the  taocst^  to  -aptraitfr  sat  -gflsrtihtrt  x  smasegtat  tt  ±ut  artitrsf  JbeEC? 
v-’JtttnKt  taicx  3»  '"atcac-»anwC*  tr  ’'nag-ifescc’  tgrtrnl<p-.r  at  »  list  tirflsrv.»rat_ 

Sir-  vsgxrsm  atziscv'ast  tecamrout  nsaaQ*  ssaxta  ■SxbvX  -t  "Esssi.  Cronrrt  tiro  ±c»“ 
«’vtr.  JC  vas!  msinassc  Itr  .aautxtr.stagg  x*  vaX  to  t^esatScsaE  ycrpraica-  Wxceat 
Htcut  TOcrJcsa  airiitrv’irei.  iau>*  test  nsTSuin^  to-  ptez  xC  x  v'xasixrat  smaraxm>- 
raCam.  sgra^en^  Jros  toots-  Sggtr  aesitasE  amt  lie-  'Stero:  Stccsae  sets to  sr  StriSthei 
irant  lir  ratdn  -srau^ftrrasE  totoi  tr  JatnBttm,  Sw  iSyC»aa  xczsc^at  jastasi 
TOnmwtffis  lar  sen  Jsatrorsa-  x£  x  ixs&aswsl  sarSasrxtet  tag  tosstoE  aStsa.  Sat 
ipmn-r  taa  trorois  tt  wotstol  Ssdrrosac  exscsssk  vs&icvzes  cncSt  trof  &e  ataiHa 
ssa.  to  starxst  tarn ag  toto.j  aSsn  rst  t&siiamt..  Siss  sna>sx  at  TO  Jirrgfffr  jtEjpt-* 
pasg  rrc  TOSwceSs  psvsxUsz.  larrsacrcsziE  tocsshi-  it  x  ixa£  troa  ftlit  arof  tiaEr- 
Israa^t  racacilifc!  rtr^  ettac  icet  TOtsvcctt^ 


“2sr  2a&.  aag  rs^uiart  *r£Lat  ct  xgcrsaf  2s.  He  SySgr  rsdES- 

;ss»  SaneSrag  ar  scntar  stsimrS  agcsSsar.  'Sgr  spagHtar.  taSs  *32;  sHac- 
Scaf  rasters  sef  atggjpgaszgfc,  xsi  Hr  rxrlnnUJS?.  at  jcnaae  grasses  bcaSraafh 
jk:;«.::iSc  agger  gg?  He  aanftrfjgre  pber,  aaed  as?  gbfe  He  fossHatt  qf  Ha  ag-ritat 
.ifraarirS  2r  Sic  ssH©  SirsrftKrri  sree Cota.  TaSStsc  ^  S=fS  i  rang.  He  rscftHpas 

beagagf  asr  CX.  or  H*  Jwset  faram&acy  csg.  as  22  t3r  Sac  ■*’£'*•  jte:  or  sc 
S£  Igr  £sr  ■’S*’  jZszl.  'SgsEsase.  He  annaisg  sf  Setar  •mTffrfrfarr  brae&aac  crr£>- 
sfrftr  SscHe  j«r*to  sSseaeg  assy  S»  rftfiprr  fcssn  3>  to  22  or  ®  Os  SS  c£*r_ 

'22k  laesffiTTr  «f  He  serstar  sCasae S  2r  He  ntftrr-  Heesbcsi  ageeOTgs  err  aSap  tar;' 
asang g  aremcagsgaar  jaaScssK  a»  g£  brrftgr  xrtufepjrr  aa^ftegg  far  He 

sett star  **=*r»ir  sag  5e  Iftritfg  as  isstasasi  asset as.  brnegan'C.  *rme  <s£  He  agtwg 
eg^cir.t  sag  iss3esxi  Saw  beet  arntaitWg  •*££&  He  aarstat  ;:fha  r'^S  sSoar  He 
amflHrfhs  baefacsf  bighre  Hg»asTgc?  <gsL  ISfl?  urbngag  ^restart  far  assea- 
sCrtataf  berfc&iMb.  ssf  He  agg^tar  Hanses  baaCsoassa  aaiagr  sc  Hfir  cade  df 
He  r«rf}»t-  baaeSrag  sptcaaaar  2s.  aSff.trnrr..  as?  Saamimfe  HjjSscSinr  pruiai.ta.. 
fsaarrasf  2r  He  acirstar  dsataef...  «a££  set  acnCggsflr  to  He  aryftyc  2r  He  sjaSS- 
Hea  SatMBcftxrnS  saga:.  a*  He?'  aragg  .£  He  ssrzSce  tr&xrmrC  awes?  -taiaftBi  ftr  He 
Sesxar  aufgpitr  jataefcaag  sggecraar.  13*r  srrSnr  ssesfiSsOTSar  -v-Oft  c  acetvg 
aaflbgites  Heat&Bsg  »  — tar  sftsnarg  ist  Hac  it  snare  be  taSJfeeesadL  Srr  He  .tagteu 
sag  cpagxaast.  to  garar  He  aertaar  daarCH*;  -vfJEtin.  He  SKas5cJt2St  s£  He  raffn- 
SzaeHcsg  s^serrsasu  Jla?  laiar  me  as  gapsxaitaa:  c£  jeotps  srr  jmper- 

X?™?*1-  sr  He  smtttgfins  bexetatag^  ■wcafrf’  es^iiirr  r^ibcaJHaf  He  searrtat  dia;nce£ 
h  x  Saesaaica  saajpr  itt  He  raHus  Saneftxrrg  S5a*aa=scr_  ThBi^  5cwo?*«r, 

saa  5e  atassreoae  ~  He  gasgameg  Hrlttaaa'aiiag  itfoazssiZk  of  He  seratae  ialaa,rnr2 
srrr  -rnaHftcr  sag  saa  5e  ssssSBr  aggfaeaC  52>  StagfaHar  x  aftaagr  cf  Hiis.  !?5e- 

OtarfinaCtas  5xggU&tti!tr.icr 


santxzae  «sHfltniE  *anr  sag  asuisacjetaritEsr  anHseeHsa  ami.  Sr  agHCSse.  a^E  oaa- 
attr-  H«ae.  saroc  aSJH  arc  Httearaar  rolisgaaest.  HC®  x  samcarisfla-  sxsfersrtae 
tarn&rt  rr  ^r?<oe*n>-  jttrnrnfig  syeratahtt,  C^ecxCiat  <rf  He  JLTSC  2a32?ar  $rrd 
v?J2ntt  xr  &.T3C  HcitUa^  a<E  realtor  marflmB2iaE  asmaoj  He  ccnmae  eg. eaarr. 
secwBsa  He  sraaicar  s?mcas  aag  srSer  etoaenta  v3Sgr  asc  aerror  to  He  ATSC; 
aasw-sr  He  ^:n:s;n»  sgftnaacx  ami  ^rrrrrmrnirmffyny  gasrg.  and  sagoferiE:  ard  be- 
r waar  Ha  JLTSC  ‘ae^tot  aaii  aHec  ATrXT'i,  ?Gr"-s  and  PT?  r_ 


"SSe  vExsszHu  sgesaasr  panHsce  •araosfe-  ■ffartpry 
rraL  etc  OesSrx;  O zs£xdL  CaarHasHar  asua2§  Hrrre  3* 
grtaad  zeraasi.  Zbersorse.  x  cxaHs'rsoce  icafes? 


(gsedar  cszsr- 
seggreg  atsse- 
■srSH  pfe  csr  ferse 


suggg  tiegeasSa^  -ar  He  raracer  ~A  .rnKii1^  «2i  be  remirsd  23  jast  c€  He 
-nm»— mrrrr  sneer*  3SSE2X.  Caggau*  ipeator-  cparSTcrHai  rrrS  xbo  be  rearired  ir^ 
jirrpsrrmrcv  pmnaret  2ed  is?  -aaaraetn:  aaratoaixS  sa»  *xj  ptH±,  sets.  *7 


etrra?  sto-fephsx,  rseSc  egufsESES,  sad  Se  dtstasutasg  frame.  Ccordisatkgi 
•wSfe  fe-**-  VowtSrr^  asd  persoaoeL  in  addition  to  selected  operational,  support 
and  adsdaS^aaSre  cSces,  *13  be  required  rat  the  Irterccra  subsystem. 

Tbevaaae  aad  talgivgexrltgr  ordferaires  will  racyrlre  access  by  fee 
caeacSe  operators  and  certo-ra  ofesr  selected  cperati&asi  and  maintenance  per- 
seeed  These  ordarsSres  zsyirssJij  promise  fee  means  for  coordinating  wife 
TCrs,  PTE's.  ca-ngaagflcafeg!  stspJiers .  sad  seJeeted  users.  The  console 
operators  via  gagssre  a  pgna  for  selector  and  signaling,  and  being  signaled 
bsr.  tie  race  osrdexwLres.  A  means  most  also  be  provide!  to  select  access  to 
xsr  cc  fee  aspsecssrs-  teSaSypgg'iitar  Grderwires.  Upas  selectlca,  fee  nonsecare 
egdgrsirs  cfccefl  wal  be  ccesaected  to  a  teletjpewr'tter,  st  fee  console  posit  ion, 
rta  a  cod^aagap  rate  coerrerter  wiaca  vGJt  provide  ooinpaAIblUty  for  operating 
s&  set  cc  fee  stssdzxd  speeds.  The  code  used  for  ordsrwires  should  continue 
to  be  fee  ^rfeo^rWrwtt  Telegrapo  Alphabet  r2,  (TEA  #2),  American  Vetstot,  doe 
to  fee  bhccs  a3  t^rTpgntsr  machines,  new  is  use  for  orderwirea, 

ase  feA*  code,  and  rerfeertg  jpii  esistieg  machines  with  ASCII  (A  merican 
SSzacird  Code  far  IsforaatSoa  feterchaage)  ielepiii&ers  is  aot  cost-effective . 
Ibere  is.  bosever.  a  reqaiTtrnsgt  to  facilitate  connection  of  fee  ASCII  machine, 
it  rea-sreR*  pcssitjca.  to  circa  its  ^hkfe  may  have  ASCII  terminals. 


Tbe  <*>*£■<£  irsomztlm  for  fee  A  TEC  facility  will  be  contained  in  fee 
prx~ssa?  storage.  TMs  data  storage  will  consist  of  random  access  mass 
storage  and  r tape  transports  which  will  accept  information  generated  by 
fee  processor  and  fee  console  operators.  By  themselves,  fee  individual  pieces 
cf  infer— axko  are  not  classified  fact  tbe  entire  store,  or  for  example  a  report  - 
readers  go  cctogas,  link  failures,  system  feifcres,  etc. ,  could  be  considered 
as  csassifssd  iaforagticD.  It  could  be  considered  classified  because  it  presents 
a  rr<r~*rfrxtrcr,  of  capability  srd  effectiveness  for  a  particular  facility  and/or  fee 
associated  ccEnxmndcaticEts  systems.  This  information  is  also  volatile  but,  taken 
at  tinges,  a  historical  record  could  be  built  op  to  determine  which  teie- 

fy!r^r-';r?.=ras>rr^  systems  are  tbs  most  troublesome  or  vulnerable. 

Tbs  present  TCP's  do  not,  by  and  large,  have  a  general  service  tele¬ 
typewriter  terminal  installed  for  transmission  of  DCA  and  O&M  report  The 
reports  are  generated,  typed  on  message  forms,  signed  off  %  the  res:  visible 
releasing  authorities  and  bandcarried  to  a  message  center.  The  mes  ige  center 
may  oe  in  fee  same  bunding  or  elsewhere  on  base.  This  is  a  cumbe*  ;cme  and 
»cyKoryt;  irethod  tor  gene  rat  Ion  and  transmission  of  such  reports.  T?  A  TEC 
facility,  in  order  to  generate  and  transmit  timely  reports,  will  require  an 
AOTODEK  Mode  n  terminal.  This  terminal  will  provide  a  circuit  to  the  m  irest 
AUTODDi  switch  for  rooting  of  tbe  reports  to  the  proper  agencies  and  offices. 


Hie  reposts  will  be  composed  aad  generated  by  tie  Centra]  Control  posi¬ 
tion  which  will  obtain  the  proper  data  from  the  tape  transport  stores  and,  using  a 
stored  report  format,  generate  a  hard  copy  and  paper  tape  copy.  The  hard  copy 
will  be  used  for  gaining  release  of  the  report  for  transmission  and  for  maintaining 
a  file  copy  of  such  reports.  The  paper  tape  will  then  be  used  for  transmitting  tie 
report  -via  the  AUTODIN  terminal.  This  method  of  handling  the  transmission  of 
status  information  will  also  be  adaptable  for  any  size  A  TEC  since  the  speed  of 
operation  of  the  AUTODIN  terminal  can  be  selected  to  meet  operational  require¬ 
ments.  The  AUTODIN  terminal  will  also  provide  a  receive  terminal  for  direct 
reception  of  messages  from  DCA  and  O&M  agencies.  This  again  will  enhance 
ths  A  TEC  operation  by  timely  receipt  of  operational  direction  messages 

In  addition  to  all  previous  requirements  for  coordination,  there  will 
exist  a  need  for  processor -to-prccessor  coordination.  This  coordination  will  be 
necessary  for  passing  data  information  concerning  link,  trunk  and  circuit  outages: 
restoral  action  such  as  trunk  and  circuit  reroutes;  and  normalization  of  Irnnks 
and  circuits  to  their  assigned  profiles.  This  Information  will  be  used  to  provide 
a  near  real' time  data-base  update  for  A  TEC  s  so  that  any  contemplated  reroute 
via  the  station  reporting  an  outage  will  take  into  consideration  the  condition  of  the 
links,  trunks  ami  circuits  at  that  time. 

3. 5. 3  Orderwire  Recording 

The  hard  copy  of  orderwire  teleprinters  has  Jong  been  used  to  provide 
a  record  of  events  and  as  backup  information  to  static  a  operating  lojs.  This 
practice  will  be  continued  in  the  A  TEC  facility  since  it  is  much  more  cost- 
effective  than  providing  digital  magnetic  tape  recorders  as  separate  paper  tape 
monitor  banks.  The  teletypewriter  orderwires  will  have  teleprinters  on-line 
continuously  for  each  orderwire  circuit.  These  teleprinters  will  be  located  in 
the  area  of  the  digital  (DC)  patch  bays  to  enable  their  being  scanned  by  Tech 
Control  personnel  at  the  patch  bays  and  to  facilitate  station  operation  in  a  fall¬ 
back  mode. 

Voice  orderwire  recording  will  be  accomplished  through  the  use  of 
magnetic  tape  recorders.  Section  XVDI  in  Volume  n  recommends  use  of  multiple 
track  tape  recorders  in  large  ard  certain  medium-sized  ATEC  facilities  and  in¬ 
dividual  dual-track  tape  recorders,  at  each  console  position  for  small  and  some 
medium-sized  stations.  The  system  requirements  for  voice  recording  in  an 
ATEC  would  not  require  the  use  of  multiple  track  tape  recorders  since  the  voice 
orderwires  are  not  critical  in  the  respect  of  air-to-ground  recording  of  all  trans¬ 
missions.  In  addition.,  tha  requirements  for  standardization  are  better  fulfilled 
by  provision  of  individual  cassette-type,  dual-track,  tape  recorders  jr  each 
console  position.  The  dual-track  recorder  would  store  both  sides  of  the  conver¬ 
sation  on  one  track  and  record  the  time,  by  the  minute,  on  the  other  track. 


The  taps  recorder  redd  only  be  activated  epea  access  of  fee  orderwire  by  the 
operctor-,  Le.  fee  oft-hoofc  condition.  The  cassettes  should  be  replaced  at  fee 
start  of  each  shift  and  daring  each  shift  as  required.  The  cassettes  could  then 
be  marked  wife  the  date,  position  and  operators  and  then  stored  in  a  centralized 
control  area.  This  method  of  recording  would  allow  immediate  selection  and 
review  cf  specific  stored  information  or  events  by  selecting  the  proper  cassette. 
After  a  predetermined  period  of  time,  such  as  one  or  tw  t  weeks,  fee  cassette 
coaid  be  reused. 

•  Hecordlng  of  procsssor-to- processor  transmissions  should  be  pro¬ 
vided  by  maintaining  fee  hard  copy-  printouts  of  such  data  from  fee  high  speed 
priTder,  or  historical  records  maintained  by  the  processing  hardware.  The 
Central  Control  operator  would  be  responsible  for  review  and  release  of  fee  data 
and  a  fast  printout  record  can  be  made  and  stored  for  an  appropriate  period  of 
time. 


3.5.4  Oreerwire  Subsystems 

The  recommendations  made  in  the  study  ta*.k  on  '*  Teletypewriter  and 
Voice  Order-wire  Systems  and  Equipment,  "  Section  TVm  in  Volume  n  of  this 
report,  have  identified  four  orderwire  subsystems  to  be  implemented  for  the 
A  TEC  system.  The  fear  subsystems  are:  (a)  Intercomplex,  (b)  Intraf  acility, 

(c)  Intersite,  and  (d)  Intralink.  The  following  paragraphs  summarize  the  func¬ 
tional  and  operational  requirements  of  these  subsystems  and  include  consider¬ 
ations  developed  as  a  result  of  system  analysis. 

a.  Intercomplex 

The  intercomplex  orderwire  subsystem  would  extend  existing 
express  orderwire  networks  in  one  geographical  area  to  similar 
networks  in  adjacent  geographical  areas,  through  use  of  existing 
interarea  orderwire  circuits.  Where  such  interarea  orderwire 
circuits  do  not  exist,  the  AUTO  VON  network  would  be  used.  This, 
therefore,  requires  that  the  ATEC  facility  be  provided  with  one 
or  more  AUTO  VON  user  drops,  paralleled  at  the  console  positions, 
depending  on  operational  requirements,  to  augment  the  intercom¬ 
plex  orderwire  subsystem.  This  capability  will  erhance  fault 
isolation  and  correction. 

b.  intrafac-ility 

The  intrafacility  orderwire  subsystem  would  provide  intercom  voice 
service  to  important  locations  within  the  ATEC  facility,  to  collocated 
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faculties,  sad  to  nearby  oSces  sad  facQRisa.  Tbe  esc  of  feterccsa 
wfB  facilitate  sii-doara  c&ssc&e  cpezafico  fc^  prsvkSgg  tie  csssote 
operators  wife  commEsicstiGas  access  to  fb*  cperstlgssl.  bs2ss- 
teszace,  eqalrmg^t,  supervisory  sad  support  areas  wifete  sad 
srooad  fee  A  TEC  facility. 

e.  Intersite 

The  inters ite  orderwire  subsystem  would  combine  cjusiing  dedicated 
voice  and  nonseenre  teletypewriter  erdenrir-es  to  enable  access  from 
the  console  positions.  These  dedicated  order-wires  connect  to  com¬ 
munications  sites  such  as:  HP  Transmitter  and  Receiver  sites, 

LOS  and  TROPO  sites,  Commercial  Common  Carriers,  and  sub¬ 
ordinate  TCP’s  and  PTF's.  The  orderwires  to  these  sites  may  be 
voice,  or  teletypewriter,  or  both;  so  that  fee  A  TEC  consols  oper¬ 
ators  will  require  access  via  appropriate  terminal  devices.  The 
study  task  report  recommended  connection  of  these  orderwires  into 
the  intercomplex  orderwire  subsystem.  This  feature  should  be  pro¬ 
vided  so  that  the  console  operator  makes  the  desired  connection  aid, 
in  turn,  has  override  capability  to  access  the  connected  orderwires 
when  necessary. 

a.  Intralink 

The  intralihk  orderwire  subsystem  would  extend  existing  link 
orderwire s  from  LOS  and  TROPO  radio  equipment  (when  in  col¬ 
located  or  nearby  areas)  to  the  console  positions.  In  addition, 

,  /  other  link  orderwires  such  as  HF  voice  and/or  nonsecure  tele¬ 
typewriter  orderwires  and  orderwires  on  cable  circuits  would  be 
combined  for  selective  access  by  the  ATEC  operators. 

All  orderwire  circuits  will  be  required  to  appear  in  the  appropriate 
patch  bays  to  enable  patch-through  capability  and  also  for  testing  and  reroute 
action  if  necessary.  Duplicate  terminal  capability  should  be  provided  at  the 
patch  bays  to  facilitltate  operation  in  the  fall-back  mode. 

In  addition  to  the  orderwire  subsystems,  the  console  operators  in  the 
ATEC  facility  will  require  access  to  the  local  telephone  system.  One  or  more 
subscriber  drops  should  be  paralleled  to  the  console  positions.  This  is  neces¬ 
sary  because  there  are  usually 'a  number  of  users  which  do  not  have  orderwire 
capability  and,  therefore,  will  contact  the  ATEC  through  the  local  telephone 
network. 


2.S  Spe gna-  C bBgSoggztSscs 


7b!s  cxtegosy  cscsiosrs  Sosa  regrirsnsS  trees,  c£  fbt  A  TEC  isssSty. 
feet  arc  *f  sab§9c£hre  rgfere  asd  are  related  to  fee  ATE C  sj'.ste:u  si  £hrt  fibey  prOTaaa 
resjaresneass  lor  gpprlgrSco  acd  is^esssfeliaa  in  tschcnErl  a^eas  prei 
cLsccssed. 


3.6.1  Lias 


Toe  eoagncisaS  req aireseet  for  line  coaGjtksgrg.  in  fes  ATEC  fxciliir, 
is  fort  tdcrsifee  liae  corfcliti&r^rg  eqapsse;£  is  ess*r£hsl  ass?  coosgSerstlea  e£  this 
area  sir-old  iaclade  regenerative.  adaptive  and  passive  approaches  and  echo 
suppressors.  Section  SIX,  Liae  CcaStsccrcg,  la  Ydnme  H,  provkSes  as  analysis 
of  state-cf-fee-art  methods  ssed  is  Use  ccatStiosirg.  While  it  ms y  be  ocsckced 
that  automatic  Use  conditioning  equipment  is  essestjaHy  desirable  is  toe  ATEC 
facility,  the  results  of  tbs  evaluation  2 re  that  automatic  line  cossmtlosicg  is. 
at  present  and  in  fee  foreseeable  future,  neither  technically  effective  aar  cost- 
effective.  The  ase  of  automatic  equalizers  is  no m  oc-ly  a  realization  is  a  few 
types  of  modems  -  those  which  provide  for  operation  at  4800,  £ '  '•0,  7200,  or 
9600  bps.  The  design  of  the  automatic  equalizer  is  integral  with  fee  modalatioo 
or  signal  plan  employed  by  fee  modem.  The  manufacturers  making  these  high 
speed  modems  have  their  own  proprietary  designs  and  no  two  are  fee  same.  To 
make  ase  of  automatic  equalization  at  an  ATEC  facility  would  therefore  infer 
that  fee  modems  would  be  located  at  the  ATEC.  However,  this  is  not  fee  csae 
in  fee  present  situation.  The  modems  are  located  at  fee  user  terminals  and 
provide  for  end-to-end  qualization.  From  a  systems  standpoint,  fee  ATEC, 
ideally,  should  have  the  capability  for  providing  automated  equalizers  on  channels 
which  could  be  automatically  set  upon  application  of  a  test  or  probe  signal. 

Although  this  is  technically  effective,  it  is  not  cost-effective  since  it  would 
involve  new  hardware  design  and  development.  The  present  method  of  providing 
line  conditioning  equipment,  on  certain  telecommunications  channels,  at  a  tech 
control  facility,  could  be  greatly  enhanced  through  introduction  of  fee  multiparameter 
test  set.  The  preponderant  problem  wife  fee  present  method  of  providing-  equaliza¬ 
tion  at  a  tech  control  facility  is  that  fee  devices  have  limited  compensating  capa¬ 
bility  and  the  tech  controller  does  not  know  how  much  harm  or  good  is  being  done 
to  the  signal  in  question  at  any  particular  moment.  While  the  multiparameter  test 
set  will  not  entirely  eliminate  the  problem,  as  stated,  it  will  provide  the  tech 
controller  wife  a  valuable  tool  to  be  used  in  channel  investigation  and,  in  fee  case 
of  quality  control,  to  provide  assurance  that  the  channel  is  meeting  established 
specifications  and  will  do  so  in  a  few  minutes  rather  than  in  the  10  to  30  minutes 
now  required  for  testing. 


3.&.  2 
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Tbs  zaziirzxuzi  rea^resatsfi.  iar  cregrel  szsZiza  dost,  is  fee  XTSC  is d2£? . 
is  feat  as  rsqtignaagg.  far  3  sgttrsl  yasferro  cSsci:  zsssZ  bt  racsgagsed  erriaasri 
Ssr  fee  crsaSro  «f  a  ucriferaas  syzcbrar2.«s  scsfet®  caodfc  sysfes-  SsssSatB  X2L 
OsrSrsi  SSsSac  CSjct,  is  veers*  2,  presses  is  smdysrs  z£  prsasssz  ssc  acfia- 
capsas  fcsrre  cspEltCJies  ns  fees  zrss..  Tbs  g&afepg&sd  ATBC  System  is  iSsr 
aralyasd  reefeSre  to  Us  specific  dock  regirretostUs.  2  is  r-scSaSed  ferresz  fens 
fee  rrn-»*o  zs  we2  *s  fee  gresEcel  cases.  reqrirerarsUs  os  ATSC  ness,  sc  cecsasrenl 
■g^a  fee  f^T1^  cos ,|~  - 1 1'"^ 3S30S  £sc225i£  •siaras  2  is  to  cascroS 

Tbstl  is.  to  fee  greatest  eaSeas  pcssSale.  fee  searces  es  spgadzrd  freqagsey.  saaad 
tfrrtag  gnf  stzzxizrd  Lame  for  ATEC  rmsa  be  fee  sasae  ss  feose  fee  fee  issgcsrTeg 
otassg^cgSssgs  eefticerscEs  sai  SzralUses--  Ties  asgeseejs  uiil  resaij  is  agsirrers 
crzcstefeea  errors,  sacas&rg  errors,  or  r^ereoce  errors  besrg  Unreduced  by  fee 
ATEC  eoztpmesas  arcs  tscsriqpes  employed  far  seertorisa  sad  sestirg.  Ssaee.  is 
cedni  sis Has  dock  is  fefeoeased  ssc  iaplenensec  ec  2  worffeasse  cssss.  fer 
use  fey  comnsmicatfecs  eecsarfcs  sad  feealifiss.  is  will  be  atoegiissliy  espfeyed 
by  fee  A  TEC  System. 


It  sbooid  be  clear  from  fee  above  (Sscossioa  feat  &  cessrsl  deck  «ili  ncs 
be  fetrodaced  solely  icr  ATEC  use.  Yariocs  freesasscy  snd  Usse  socrees  are 
required  for  an  ATEC  facility  in  saefe  ecsaipmssfes  ss  distortios  measuring  sets, 
transmission  measuring  test  sets,  VF  cfcarael  analyzers.  exacne!  break  oat 
monitors  and  other  similar  monitoring  and  testing  devices.  It  is  necessary,  also, 
to  include  a  real  time  clock  as  a  source  of  both  Zulu  time  and  local  time  for  pro¬ 
cessor  use  2s  well  as  for  use  by  operational  personnel  in  time  tagging  snd  logging 
activities-  These  various  individual  sources  will  suffice  in  accuracy  and  stability, 
but  can  be  slaved  to,  or  replaced  by,  outputs  from  fee  central  static®  clock;  when 
it  is  added  as  a  result  of  communications  requirements. 

3.6.3  Standa  rdizaticn  and  Modula  Fixation 

The  contractual  requirement  for  standardization  and  modularization,  in  the 
A  TEC  facility,  is  quoted  as  follows; 

"Standardization  must  include  the  standardization  of  functions 
and  parameters  as  well  as  equipment.  This  does  not  mean 
that  the  same  quantity  of  equipment  will  be  placed  at  each 
installation,  but  rather  that  if  a  device  is  required,  it  will  be 
the  same  device  everywhere,  performing  the  same  functions 
and  measuring  the  same  parameters.  All  equipment  and 
consoles  will  be  modularized  for  all  tech  controls.  In  addition, 
modularity,  like  standardization,  must  also  be  considered  on 
a  functional  basis.  For  example,  at  large  complex  facilities, 
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2 s  ecaicssecc  has  steo  bees  cecsidered  h?  sysagso  6ss»g-a  c>i  tbs  tjpcca!  ATEC  faeSibr 
This  iypscai  A  'JSC  facility  sanst  he  stisii.  mesSum  or  large  cepezdfisi'  cc  ccanStias 
and  types  cf  dresats  and  coeratiessl  respire secte.  A  large  ATEC  fsdlitr  »ccld 
cored vsbey  fcs-re  2I1  tjpes  of  raodnles  szad  fersPScssi  raqgirerreass  ^agdSed  for  tbs 
ATEC  STrsteta.  -stale  a  rsa^fcr:  or  snsall  ATEC  facility  -srccld  oeay  nave  those 
mobiles  specilied  for  certain  ogjeratiosai  capabilities.  It  sasi  be  capable  of 
ccordicaticc  aid  cooxto)  trife  users  of  comuauctcatioas  services  (focladaag  AUTOESK 
aad  AUTO  VO  Nj  ard  vith  sites  proridieg  telceoniisueicatiocs  media  'iccfodicg  ICS 
microwave,  irt^xjspaeric  scatter,  satellite  earth  Urrmiss!,  submarics  cable  asd/or 
local  or  remotij  HP  transmitter  and  receiver  sites).  C< ordination  and  control,  grttb 
any  of  these  many  types  of  facilities,  requires  that  operational  functions  be  standardized 
in  the  ATEC  facility  to  enable  the  operators  to  view  the.  users  and  communications 
links  as  a  network.  This  network  handles  a  variety  of  circuits  and  signals  with 
differing  priorities  among  each  type.  The  present  tech  control  facilities  have 
standardized  handling  of  the  circuits  by  logically  dividing  them  into  digital  and 
audio  categories  and  placing  minimum  performance  requirements  on  the  communi¬ 
cations  channels.  The  ATEC  facility  continues  this  standardized  method  of  treating 
circuits  and  improves  upon  it  through  use  of  automated  and  modularized  equipment. 
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cite-Taiarr-inSter...  tec  fee  fcarCJurai  <&aQgt  dL  fia  terfeurr  itr  pscrlursicaLsr  ssssccass 
«2E  »  fiarnfedteeiL  Ha  e5p££ancr£53l2&  samsiig^  ss  -wt-E  in  fe  gfeafl:  aeanat 
aregituriUt  efetpnass.  te®?  teas  crassigggf  sttftrg  -irnricfa-r  gcnHitya.  usS . 

5r  teaaSas  so  fee  fe®  cotuf  be  a^aha&St  ir  sny  Zfpi  gsesnmflsiSiisa  InrblEs  - 


Ha£r  sctaahaSsr  rg.unflesg 


,  imf . 


isgiitf  ra  • 


•rrr-rr*  vmm.  sat?-  axrjr  s^nSirantSy  2r  fe-  p«r3ic  -if  i  pnrr  ixr  imr- 


Wife  fe  peasasst  rrsrS  ei«sxrs  5hgi~sp*iaf  dgfeg  zoamnaiieacaina;  air  tedi 
vest*  cn£  did-  £  .ispr-crt  fee  fe  ECS  ae?  «®*cda2y  £®s$*f»  tm-  20  aiB-cfapdi  aerwert 
tee*  5cc  as  jcsawxc  irnf  rrerr-foegre,  1  anfeif  abbwrri  c£  arntbr^  erarmwfl*  sarrafep 
rate*  and  dea  ss  gartgegg-  Tfersfors*  £hr  StmrgfeaZ  ragtrarggnsttg  riecmrmiinfref 
fcr  fe  ATSC  £ur£3ar  ten*  been  rarnterferaf  aikng  feae  ’teas  imf  aicdirmrfed  jc 
fee  2  ptfeegiter  sfe  scry  tends  ate?-  conics;  cr  dtpites  sapniis..  ar  tefe 


7be  gaggrggiaae  fcr  feefemti  ossapt  scinidirfearfer  Ss  near  psrfesn: 
•asst  ccicinieetes  fe  ema-eiacefaa  EeesrSsca-  Tfe  qpcratecs  xraa*  a4smnaeScir 
praaantef  to  feet  £r  2  fesnserr  fee  preoktfes  afesneergaratog  aoc  tsec  as  carafes 
egcEgi  to  tofesfe*  pcccasscr  casar??  space-  Tie  craarranaf  ferrictocns  to  ce 
caPtr «5  seto  fe  proceggcg  or  carcrct  mfe  by  fe  operates-  na;  i2*c  he  esnfee  aoti 
jec  aradjrseseiteifcs  enr  rm  22c  oairirfre  alah*.  Tisr^bce,  fe-  cpecafecei  yrcgraa 
am*  dfe  stose  far  <fe  stoocesscr  sage  te  sanfefec!  to  2  eas5c  Eaegoge  saf  soase 
ii«o  oe  gaesfe^yr  so  fee  varioas  sisai  ATSC  fscfSifeg  cet  fcrre  cn2j  fees  poroses 
oc  see  prqgsara  tSse  are  aspBeaMe  for  epersetee  si  fee  fecjEsgr- 


SteacsrsSzsiMc  -sife  ras^ce  to  asses  seSscfeo  criierts  «i!i  be  required 
as  pari  od  fe  isSratesi  esfepenste  speciScsticcs  tor  527  ostjt  iiecs.  Tae  raadre- 
mete  »iK  be  ia  sccorcartce  «isa  JSL-E-4I5SD,  psrsgrsps  3. 3.!.  2.  Jjrpleiresfeiiisa 
01  eases  stsrdcrei z^jjczn  reqteregaesss  aisaed  si  esse  of  gginiesaace  and  ecooomicsl 
sappiT  snppor '_,  threaga  ainiialzaticsi  of  Esesiascsrd  parts,  sii!  be  schlered  by 
evalastioa  durlrg  the  equipraeM  design  sad  impiezeesistioo  phase .  Tins  ■Kill  be 
accomplished  by  having  copies  of  advajce  material  lists,  material  requisitions 
and  Bills  of  iiaterials,  reviewed  and  analyzed  vrith  respect  to  standardization 
requirements  of  1HL-E-41&SD. 

3.  6.4  Reliability  and  Maintainability 

The  contractual  requirements  for  Reliability  and  Maintainability  (R&M) 
are  as  specified  in  CDRL  item  BOOS  and  B007,  respectively.  The  result  of  these 
requirements  is  contained  In  a  document  titled:  "ATEC  Reliability  a^.u  Maintain¬ 
ability  Analysis";  which  will  be  submitted  as  a  separate  data  item.  R&M  analysis 
is  to  be  provided  for  each  individual  equipment  and  for  the  overall  'ntegrated 
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tuaScrcaCtor  &as3£S£iax£  it  dhs.  gfcsgg.  Qausttorto&r  cn*lm£tiia«-  Sir 
Brc»ren-Tii2crr  HCTES^  assS  IBccn-TJaa*-  Ts-Sepalr  3?C7at  «ff  -cast 
«Ht  bs  inritofmi  it  cast  OmSracs  BsS  2tor.  $£S5S  sgaiE  Jtasol&rsfrion.  Pt=2  L  Fsusar 
SgatggassS.  Stag  rsquhrinrtsrcr.  zm£  'd^Sfffcucai  xf  las  caagfcams  xcdsr  -gftiito  lbs 
rasrtoexnssa  asa-  it  !e  ms..  vdE  br  anrhaasd  it  ppphrsnite  ygssgsgihg  ar  las  *532121. 
33sK£i=ea3Tc.  CSEL.  lust  3KE- 

3.SL5  Trcst?cc,3i'n!?ly 

lbs  dnnigr  dL  Is  ATDC  iarSL^y  cat  gquflprunfi  -#*S  at  X2qmii*£  it  5afe*  .ans 
gsroibfmatonr.  Sanaynraftiilfcjr  amf  rssusumcaBEy.  Oar-rja^rtltgr  css  best  T^vast  ss 
maattac  an^gx  fee  adi  aOssagiCs  ®C  as  ATBC  feciTa?  •s&fidt  w£2  csnaacg  toe  cag%- 
fe33Se*  fer  xrxmrprccxii^apr  of  rscsmtra&Q^-.  SasnSeSt a  iflsgrgi  x£  a2  &*?w?s  fee- 
toe  ATSC  facajSg-  *£2s  5e  rscprrtsf  ~s  csnabatr  raccguru&igity  of  aeana*  £t  Sis  sxtnruiee 
vlhsr. t  rsxdz&si:  sr  rrsicrggn:  bssrcatss  aiotsaary.  Bfansiggarata  fee  esasggcragfSgr. 
wfesi  20s  eggnant  to  a2  «?^rs:  eqrSymtsa  to  jacuhh  eargftiyagnfi.  depto/ceac  aa£ 
Sccfucar  sa^pcrfe  -ms£  he  sata*-  to  tot  syacas  sgacdfxarbor. 

3-  £.  £  Gracade  Easgiatotoar  imS  MtoossS  Hack  -cp  Qpesatost 

Tie  ATSC  tooiiy  toe  bear  deeagaed  saefc  tots  to  tot  erect  sf  %  fed&xre 
cc  A  TEC  esssuxrs  esr  dtegradn-tssEi  a?  ATSC  stosnstc  ptotorssace,  i  graoscxi  dsgra.- 
dttoce  nSi  take  phot  -»Sto  errwffiar.i  fere-hedi:  to  tot  osrraasefo-  rmarnrf  rxoce  c£ 

TC? 

The  general  unaraS  mofeaar  csatgr  c£  tot  ATSC  fscilgy  dareetoy  gggcorts 
toss  ob^tctoier-  The  aogg2anqr  rectors  to  sensors,  scarssrs,  asslyzers.  oscdtor/ 
test  bcses  and  displays  specifically  osatoribctos  to  tie  preresSico  of  cgfestreshcc 
ATSC  facility  failures.  Tbs  cs=y  sigzdiczzZ  rzisazzisliij  zssy  be  sttribsed  to  toe 
esatorrrnsag  of  a  single  processor  tad  toe  c=e  of  snatching  for  psteldr^  tarpo&es. 
He^£?er,  fee  ?-=itcbl2g  is  coopiesely  retoocati  rrito  tor  eateal  patehirg  which  is 
being  updated  in  toe  ATSC  facility.  Tee  processor  can  be  coisoietely  divorced 
from  toe  system  for  2  short  lime  provided  toai  sufficient  data  (oormalty  retained 
in  memory  and  updated  by  toe  processor)  is  maintained  current  in  the  form  of 
hard  copy  printouts. 


Failures  of  a  specific  sensor,  or  of  a  group  of  sensors  {by  virtue  of 
failure  of  c  common  module),  will  only  affect  the  monitoring  of  a  limited  number  of 
equipments  or  circuits.  The  individual  sensors  are  to  be  designed  such  that  a 
failure  of  the  sensors  will  not  affect  the  equipment  or  signal  being  monitored.  Also, 
s  certain  degree  of  redundancy  exists  relative  to  monitoring;  e.g. ,  circuit  monitor¬ 
ing  will  also  detect  most  equipment  failures,  although  less  effectively.  Similarly 
the  failure  of  a  single  scanner  or  analyzer  will  only  affect  the  monitoring  of  those 


janEBsasass  w&S:  vfiQz at  a*  it  xrcnietoSssL  53ci*  -np^-  *  a&taa  xirosae  ^  oribsrmc 
rKT.UTiSirnrf  *2£  zezrxsk.  iaSxaSsst  t£  ctpnlitPiaC  es£  SsSi r2a  to-ikrva-  Far  csmsftr^. 
scasafigg  rf  rgss3«g  afesmurTtf  sc.  bamSsaf  cart  5»  scamncilrff&rf  gates  rt^tteeA  it 
xdidStrrn:  to  Ihr  anae  scianitag  re  to3mmn&  giaBanrfif  re  Ssaacamf.  Liifcsauitfc. 
fccrnntrg:  d  trirartag  stoEnrifo  fficsntang  Hascnfsla^  sc  fbs  smsr  s£fcn?  «Ui  5k  aoauto- 
piu-rtef  jjstet  regnteA  it  adidiSsJt  to  Sc  sxarsay  seagsfisg  -uf  renste  chanter 

stentePJ  ac  Sa  user  Ara?.  5snsc.  fccicrE*  -semrih  adtes  beds  &t  *eo£ 
sm5  Sc  retewr  suets  af  s  egegg,  sa  ■awesE  rs  teHsm*  whirr  ire  esre-rte  to  tos 
ATSC  tealay  cur  bs  asasite  ss  aoag  ra  t^frrrr  betesad  cartel  craCJtoriaf  sir 
saar  crop  grccifi  morffagihg  5r  spSTEbstaxL  a-irs,  Siatecr  ■»hn~v  sSscc  emir 
retere  rdamtes  «a  se  •&tocsr£  is  crag  is  sate  era?  asrsaB  toarifcrcSag  5s. 
opesvainte  araS  SrSlzres  vfiicfr  r5?gc  tey  cransara  caasntes  es-.r  be  da&ggag 
as  teg  as  bisasaeig  cteuifi  cnarttecSag  5s  cpeiteteal 

Twe  c<22r  prcris&rs-  5ar  £x5-5adc  cceradiar  stead?:  $t$  Tbs  eaga^eSas- 
fee  tmaiari  ccKsaCexr  c£  fie  Cter  VF  £2aare£  SsSsesrsr  aaif  assccascsc  mers  gbc 
aatefagiag  ctregteg.  er  create;.  TF  cim.7ite5  ac  ihe  aser  crept.  aati  ;]£§  "Jbi 
gdacacoyaC  egencisg  if  ae  jUgseeaCar  S6gga£  Ccrete  AsaSsaer  gfee  nttetoefeg 
ectzscug.  ec  sraastec.  2C  cfcEntes  ac  fhr  s&*r  sfeepfi.  Tte  Char  YF  Ctente 
teteetoir  zed  assccsaced  sx &s  (TF  carman  aasiysers  zed  YF  estate  scarrcers'i  car. 
be  esccaSrj  fits  jcs^tocracf  scaccec  ssrccgb  aS  c£  tee  carcaass  T»sto  •»aacs  tcej  are 
xssocaCed.  Fbay  ggyri-os  a  franc  gacef  reaorcc  e£  sSsscarr  d  see  sarcciJ.  betrg 
arccflceeii.  see  acesst  arsSag  SeraS  Srirr  sse  ascscr  acd  ae  satSca-SKK  frta  tarx^  sess 
to  *»becaer  speech  is  ejesese  or  esc.  These  readings  cs*  seen:  6e  raggaEI?  ossesred 
to  a  gr-etiscslj  cressrsd  sai  «rf  ctrcots,  erretss  E?pes  ^ceteh  tt  zasirg  cats)  sed 
res  £sesbe~c  vaSoes.  to  estoMisb  carca.it  pertorrraase-  The  Actotsssac  Bfgitai 
CSrcctt  Analjzer  is  czpsixs  d  free  rccacng  ^.nSspesceaC  ec  processor  cccCrelj 
ccerstis:  sad  ^ili  proTide  direct  resdccSs  o€  circsit  stales  via  s  teietjrpesrrster 
eags  copu¬ 


la  addition  to  tie  above  caps  bellies,  tite  varices  isaS^esaree  indicators 
oq  2 ctoa 3  cominraBicatlons  eqaiprceci  cabircrs  «i]!  still  be  available  lor  operator 
moaitoring-  In  fact,  these  indicators  and  alarms  shoaid  be  monitored  sore  eon- 
scientioaslj*  oaring  A  TEC  degradations  or  tailnres.  Also,  as  newer  eotapnaent 
designs  are  introduced,  by  way  of  new  syntem  installations  or  system  upgradings, 
it  is  expected  that  far  better  fault  detection  and  isolation  (via  indicator)  to  the 
Lowest  Replaceable  Module  (LRM),  will  be  included. 

Access  to  individual  circuits  for  monitoring,  as  well  as  testing,  can  also  be 
achieved  via  the  various  monitor/test  buses.  Such  access  is  normally  accomplished 
by  the  processor,  but  in  the  event  of  processor  failure,  access  can  be  accomplished 
by  manual  patching  of  the  desired  circuit  monitor  jack  to  the  monitor/test  trunk 
appearance  at  the  patch  bay.  These  monitor/test  trucks  terminate  at  the  Status 
Monitoring  Consoles  and  at  the  Quality  Control  Console  where  the  desired  measuring 
instruments  can  be  connected. 


I  TO 


3z zgZ3BttS  -psszi t-  yertsb  v&fjsk  xsr  hcng  bxwjfit?  *ixs$>£be  ATSC  $az £E2g- 
big£gi  t2xsx>  sbtzt  aas  x  isy  «kn:a^C  Br  Sir  anciBafL.  badfc-sp  ssoSe  -sc  qpenasSa el 
ITiussr  pRSsa  pesaTa:  jtsbSSs  Sit  rarpth^ig-.  aax2  .tmsnpksit  SggSiSQgr,  £ar  taaasscSig: 

ec  rtsrcaraiss.  <S»  cssgjteof  iftrlfoitor  5j5rx»  *a*sm  Stoiftraaat^,  aaaaS??  Se*w 

ttscS:  sea  -sSSas  rrs  rfhrrSartt’r  pitofhrf  iy  jsfeasfiag.  TBe  E#£&?hhj£  Si  AwQjti***! 
saA  Sac  x3  caSaSgg  aaswcgfasg  acra  asiaSa«S  gaaScgg  dhasgti)  cs  &*  csact  a!  saw- 
gmascasasS  feTtcre.  L*..  frTh-r*  si  ssatsiasg  «p^pasrc  grucsessiir.  ar  jowsr. 

A  ieCSEry.  ar  2n*-3csait  poseur  systoax  rs  jsy*c5fh:t£5j  s*jgab«d  Sar  the  sstfitoh 
cacsggSSsns  r«  ljiaV  2SS3CSECS3  SadkacccE-  Ba  Sir  *n.'»ng  ~g  jcrxasBcr  *ss3air*» 
tSe  ISrsst  SSCScb  Leg  ano/ec  Sit  faSaSStgES  scCBiSlss  aegs  a!2  jcorSSe  Sa* 
dsaSr  oS  Sag*  irxn^fTg  ptarihas.  3i  sihaafe:  xbas  her  ac«ed  Sac  Se  ;asshs^%‘?3a5fl2g 
its  bass  aesggaad  jqS  Sac  a  nsEzead  prtoi  ?s*t  pas&  exsdfc  exa  be  aggsggSSsaag 
C5P22  Sncga  Se  agp^reaegg  are  z£rss£?  jsfecad  gimfimtocs  xro  Shtobsmact 
aeace,  £s  Se  eaesfi  c£  idtea,  em-^fgr-ri-nr*.  fgbr*  xSraacbf  «stSaS^2tc  by  SRScafcg 
can:  Se  rgcsgffgtoec  cr  rgggnrmrSad  by  raucrl  pato&of-  jsSaa,  z£l  pot  secs  »SS 
£n~hrie  scccftor  pcis  to  cerssl  =rcfi£SsrSg  sac  SasSag.  ;«5tSsr3wSr  6s  S*« 
or  &S-Sadc  softs  c£  cneratoge.  TSese  a-itfry  peb  e=r?;  be  accessed-  its  caat^torisg 
ergsgirergs  eBShsr  gSrscSj  2i  Se  gaAS  Saws,  csr  r5s  Se  sicsSaar-’cast  tmnifcs  Se  Se 
esxscSes,  22  eeserrbed  aicne,  T=e  csSeraire  aqcspcafnss  ere  saotStor  gevsSass 
prasssfiiy  sacatoc  eb  Se  cawcCBCg  area  iSsc  r-r-r^r^  a-renat  Ea«fr»  ©c 

cperasSqg-  CSfiser  creass  c£  ecesrfeshSsas  gaecr-snsSiaCaa^  scascg  operator  ccsss^cs, 
arc  sifit  rr.?,?«ftarar=ry  zrri  can^srsecC  eStrsescs,  23  wtS  25  viSb.  ctrer 
(iliC,  TCr,  tes?5  «§I!  ccbafe  ujuareocs  ard  ordenarre  cspECfliSe*  wbicb  -sill 
rot  cecerd  cree  Se  erccessoc  er  c-Ser  AT3C  eJesrecCs  irs-  egeraCras-  THs  is  s£ 
eCtoset  irrcerterce  is  Se  ersat  cd  gsrcceeser  or  AT3C  eietoese  gtilares. 


Tbs  eperstor  poeafeccs,  or  cccsolss,  sfeSca  are  provriSed  far:  Stotss 
Msaborirg,  QcsiiJy  Cosiro!-,  arid  Cestea!  Cocssro?,  are  all  bsiczEy  sininar.  In 
fact  they  all  ezrpioy  idg£ical  interactive  terrsfrals  fCRT  display  *cd  'teyboardj, 
rear  proiectice  slide  Tieaers,  teietype-riter  seis,  test  bises,  sod  intercom  ard 
oruersire  isiS.  Tsa  only  ssajor  dinerenoas  are:  (?)  Hie  rsore  extensive  test 
egaipmests  at  tbs  Q'-Z2liry  Control  position,  (2)  Toe  lack  01  test  equipments  and 
test  bases  at  tbs  Central  Control  position,  and  (3)  The  high-speed  printer  at  the 
Central  Control  position.  Also,  all  positions  are  connected  to  the  processor  in  the 
same  manner,  and  are  addressed  by  the  processor  in  accordance  vrith  the  identity 
provided  to  It  by  the  position.  Hence,  any  position  can  essentially  act  as  any  other 
position  (upon  so  identifying  itself)  or  as  any  other  two  positions  (again  by  proper 
identification).  Therefore,  a  failure  or  taking  out-of- service  of  one  position  has 
only  the  ill  effect  of  increasing  the  workload  at  another  position. 


A  ttaggpggrfcsr  gszn&BsiC  si  esdb  pntS&xz  ceb  -»&»  ate  fie  peace  aS  cr  C3T 
asd  iag&esed.  fierecg-  gcca&fag;  eresseacy  bes£-35>  SJrecfiy  xs  Safi  gosgfcg  "Jbis 
•my?  gf  gpssgfioE  is  afiarrsd  £g-  *  gy3g±  ytorfr  rcfa&s  a  fie 

;  fie  3ag!%?ysg3Bgr  <2rsc££r  to  fie  prrcessrr  ^asfirggr  bypcsstog  fie 
p*  termhal  jSBT  cftscfisr.  ksytcard  sad  ^soeirsag  pescesssr : 

3gg$.  sj"n-»_  spezsfian:  cS  fie  pasSaie  s^rtansg^  rtfincjgi:  22  a  s3cr**r  rzto- 
CwkzSsw  fir  fes  yaggSar  ce  be  ifoertod  to  r*  1 i-  *~~  •  *  wO^miSs^ 


Seggcfiis,  xaf  rsrrro  <~.mr;rrg  caa  i£so  be  aecccaplssbei  ^  sirrssl  nefiods. 
■7%n>  ga3aQpeaKg£tor  adra  esds  gperztos-  pcsgSan.  as  described  zb&r*.  cxz 

be  grrfbyed  fie  seosrsSSoc  c£  reccags  ssd  cc  repeats-  Sa  fics,  ssaSs  ccij  &s  istor- 
sesrse  torzaSgtS  t~*b  as  ascssafifisd  toSfiCyprwrSe3'  spEasfissel,  records  cr  reports 
ceb  Sc  osesgessd  cm  fie  C2T  &£=irj  ats  *3  asscca^ad  ’ts^xstsd  itrd  fie  resdt 
tosas&sred  cSreefiy  to  fie  ts&s&pssz*&se-  fisr  bofis  page  caegr  arc  ps?e«-  tz?e  cops- 
Arse,  reccirC  reccefia  ~~r;  regoeSa  ssscsts  be  rebdrad  is  Sard  cepy  forra  so 

frs*  to  fie  srsst  e£  3E5  ATSC  SrBxre.  gegyreace  can  be  csKto  Sc  fisa  espy  to 
fer«3*r^  toe  pregarafiac  a!  rae^drsi  records  ere  recocts-  Tie  rec*xrts, 

20  generated,  «w  be  tss  sorscsS  crtnfinfe,  or  bsad-csrTisd  zs  oscessary 

to  seeder*  a^cirrrt^g  cfeirrery. 

Tfeere&re,  ccci  sk?srex  ?ni  cccsssatojg  nxra  care  rranponrer. 

fie  syeb  cvjctooi  cperssaccs  snE  eootsaae  is  s  feU-beeft  or  caeca!  scads  Li  and  «tea 
sseb  sa  cafertai-nto  rayjrerrerg  saecdd  derske. 
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S.  ?  Ssjpori  Bsqolremerfe 


The  sapport  requirements  for  the  ATEC  facility  include:  electrical  power, 
irre-rtsl  ©onfefejns,  electromagnetic  compatibility,  training,  and  quality 
assurance  provisions .  The  following  paragraphs  provide  the  requirements  for  each 
oi  these  topics  ami  their  relation  to  the  A  TEC  facility. 

3. 7.  i  Power 

The  contractual  requirement  for  the  A  TEC  facility  electrical  power  is  that 
the  system  is  to  be  designed  to  comply  with  the  criteria  of  1SL-E-4158D.  Para¬ 
graph  3. 2. 3. 2. 3,  Electrical,  of  MIL-E-4158D  specifies,  in  attendant  subparagraphs, 
requirements  for  electrical  power  source  and  equipment  design  considerations. 

Since  fee  A  TEC  facility  must  be  capable  of  being  installed  at  military  sites  around 
fee  world,  fee  requirement  for  AC  power  source  voltage  must  be  adaptive  to  existii^ 
electrical  power  at  these  sites;  whether  commercial  or  base  supplied.  The  require¬ 
ment  for  AC  equipment  operation  will  usually  be  115V,  10  but  to  establish  bounds 
for  equipment  specification  purposes  fee  requirement  will  normally  be  stated  that 
fee  equipment  is  to  operate  on  115V,  +  10%,  10,  50  -  60  Hz,  +  5%.  This  Is  in  line 
wife  most  commercial  applications  and  off-the-shelf  equipment;  however,  the 
individual  equipment  specifications  will  still  govern  and  an  analysis  must  be  made 
at  fee  time  of  procurement  to  decide  whether  a  different  AC  operating  voltage 
characteristic  is  justified. 

For  the  ATEC  facility,  which  will  include  electronic  equipment,  data  pro¬ 
cessing  equipment,  mass  memory  devices  yital  intercommunication  and  orderwire 
terminal  units  (including  crypto  for  secure  teletypewriter  orderwires),  and  tele¬ 
metry  terminals  handling  and  controlling  remote  terminal  unite,  it  is  imperative 
feat  uninterrupted  operation  be  a  requirement.  This  requirement  can  be  met  in 
several  ways.  One  would  be  to  build-in  the  necessary  uninterrupted  power  genera¬ 
ting  devices,  (i.  e. ,  rectifier-chargers  and  battery  banks)  as  part  of  certain 
equipment.  This  would  satisfy  the  requirements  of  M1L-E-4158D,  but  does  not 
satisfy  the  requirement  of  uninterrupted  operation  for  the  ATEC  facility  as  it  is 
functionally  conceived.  Another  consideration  is  that  some  equipment  requires 
AC  power  exclusively  for  operation  so  that  use  of  battery  banks  would  not  suffice 
in  these  cases.  Th8  best  method  of  assuring  uninterrupted  operation  for  the  ATEC 
facility  is  the  provision  of  a  uninter rupted  (no-break)  AC  power  source  to  supply 
the  technical  AC  power  load. 

Many  major  TCF’s  (and  therefore  candidate  sites  for  ATEC  facilities)  now 
have  rotary  type  no-break  power  units  installed  and  supplying  (or  paralleling)  the 
technical  AC  power  load.  For  these  sites,  an  evaluation  would  have  to  be  made, 
by  a  field  survey,  to  determine  the  acceptability  and  capacity  of  the  no-break  unit 
for  use  with  the  ATEC  facility  to  he  installed.  For  TCF’s  which  have  no  uninter¬ 
rupted  power  source  (or  the  no-break  unit  is  found  to  be  inadequte)  an  AC-DC-AC 
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conversion  no-break  unit  is  recommended.  This  uninterrupted  power  system  coo-  [ 

sists  of  AC  to  DC  rectifiers,  fed  by  commercial  or  base  po**er,  feeding  (in  parallel*.  j 

a  tottery  bank  and  motor-generator  sets  for  DC  to  AC  '  rsion.  The  AC  is  then 
fed  to  the  AC  tech  power  panels  within  the  ATEC.  This  AC  -^o-break  system  ie  j 

the  most  reliable  known  and  would  give  the  ATEC  facility  at  least  15  minutes  oi  j 

operation,  off  the  tottery  bank,  upon  failure  of  the  primary  power  source.  This  j 

is  adequate  time  to  activate  the  auxiliary  power  generators  normally  provided  for  j 

comm  facilities  which  would  then  feed  AC  power  to  the  rectifiers  of  the  no-break  ■ 

system  until  restoration  of  commercial  or  base  power.  The  isolation  of  the  ‘ 

technical  AC  power  load  from  the  primary  power  source,  through  the  use  of  bat-  • 

tery  banks  (which  may  be  considered  a  static  flywheel)  also  satisfies  the  require-  1  I 

ments  of  MIL-E-4158D  for  operation  through  periods  of  primary  power  fluctuation.  ( 

This  also  means  that  commercial  off-the-shelf  equipment  can  be  used  in  the  ATEC 
without  imposing  costly  redesign  to  meet  the  rigid  specifications  for  transient  j 

state,  power  interruption  and  power  outage.  f 

i 

Consideration  must  also  be  given  to  not  only  operating  under  the  conditions 
mentioned  above,  but  also  to  knowing  the  condition  of  the  primary  power  source; 
i.  e. ,  the  primary  power  service  delivered  to  the  ATEC  facility.  Monitoring  will 
be  required  for  voltage  and  frequency  of  the  primary  power  to  detect  variations 
which  might  cause  other  problems.  In  addition,  monitoring  of  this  type  should  also  be 
done  at  remote  and  local  sites  providing  telecommunications  media.  The  effects  of 
primary  power  variation  on  HF,  tropo  and  LOS  radio  equipment  can  result  in  com¬ 
munications  channel  perturbations  which  could  ordinarily  be  ascribed  to  the  com¬ 
munications  equipment. 

3.7.2  Environmental 

The  environmental  service  condition  requirements  for  the  ATEC  facility 
will  be  essentially  those  which  are  normally  provided  for  a  fixed  plant  electronics 
installation.  The  following  paragraphs  provide  a  discussion  of  the  various  condi¬ 
tions  and  their  relation  to  the  ATEC  facility. 

The  climatic  temperature  conditions  of  the  area  in  which  the  ATEC  facility 
is  to  operate  will  vary  according  to  geographical  and  topographical  locations.  The 
ATEC  facility  will  be  housed,  or  sheltered,  indoors  for  operation  and,  for  the  purpose 
of  establishing  a  mean,  a  temperate  climatic  SGne  will  be  used  as  a  reference. 

The  ambient  temperature  for  operation  of  the  ATEC  facility  will  normally  range 
between  70  F  (21  C)  and  80  F  (26,  5  C)  depending  on  area  and  operator  comfort 
provisions.  In  temperate  and  tropical  zones  which  will  have  high  climatic  tempera¬ 
tures  in  excess  of  the  requirement  for  operational  ambient  temperature,  air  con¬ 
ditioning  will  be  required.  In  temperate  and  arctic  zones,  or  in  the  case  of  high 
elevation,  which  will  have  low  climate  temperatures,  heating  will  be  required. 

The  amount  of  air  conditiong  and/or  heating  required  for  a  particular  ATEC  facility 


174 


will  be  determined  cn  £  per  sits  basis.  Equipment  design  for  the  A  TEC  facility 
must  take  tbs  operational  ambient  temperature  into  account  and  also  make  allowance 
for  operation  outside  the  normal  range.  Commercial,  off-the-shelf  eguipment  is 
usually  s^eltie^  for  aeration  over  such  a  range  as  32  F  (0 °C)  to  104°F  {40  u). 
or  to  122  ?  (50  C).  The  luoividual  equipment  specifications  will  specify  the  opera¬ 
ting  amhlent  temperature  range  requirement  based  on  equipment  design  and  function 
in  fee  ATEC  system. 


The  requirement  for  relative  humidity  in  equipment  and  operating  spaces 
has  usually  been  set  at  50  percent  with  an  allowable  variation  of  +  20  percent  for 
personnel  comfort  and  equipment  operation.  In  areas  of  high  temperature  and 
humidity,  the  air  conditioning  system  provides  removal  of  moisture  from  the  air 
and  tins  lowers  the  relative  humidity  to  an  acceptable  level.  In  areas  of  low  humidity 
and-br  lew  temperature  requiring  heating  J.  the  operational  spaces,  humidifier 
gaits  will  he  required  to  bring  the  relative  humidity  up  to  an  acceptable  level. 
Commercial,  off-the-shelf  equipment  is  usually  specified  for  operation  over  a 
range  such  as  10  percent  R.E.  to  90  percent  R.H.  The  individual  equipment 
specilicsiiaas  will  specify  the  operating  range  of  relative  humidity  based  or  equip- 
mem  design  2nd  rauctioss  in  the  ATEC  system. 

Tbe  requirement  for  operation  at  various  altitudes  involves  the  atmospheric 
pressure  at  these  elevations  and  the  operating  range  for  electron :e  equipment  is 
normally  »s£  from  30  in.  Kg  0 62  mm  Eg)  at  sea  level  to  20. 3  in.  Hg  {515  mm  Hg) 
i*  13.  fen.  This  range  of  aiti^ice  is  sumciect  to  include  any  elevation  at 

ss  A'.  ~-C  facility  might  be  located.  The  individual  equipment  specifications 
•Bill  specs*;.  tbs  cp* rating  range  of  altitude  based  on  equipment  design  and  function 
re  tisr  AT  PC  system. 


Tbe  agripmem  U  be  provided  for  the  ATEC  facility  must  also  consider 
aps&sStsG  is  a  sail  or  con  osive  atmosphere  and  an  environment  which  may  have 
oust  per-peies  is  fear  air.  Also  to  be  considered  is  protection  against  fungus. 

The  prebit  ~<b  d  operating  is  a  corrosive  atmosphere  or  dusty  environment  are 
vease  eezipsssm  torsctiocs  or  design  depend  upon  metal-to-metal  contacts 
vinca  mar  ct-rrode  or  become  dirt  cover Ad  so  as  to  prevent  or  lessen  operational 
careheiiiy  The  sqpjipmest  must  not  be  built  with  materials  that  may  contain  fungus 
aumsscs  or,  in  case  so  otper  material  will  mluce,  be  provided  with  protective 
rrg?-;  cc  exposed  surfaces  ce  those  materials.  Tbs  isdiviimal  equipment 
g-Ygjr-tfirj-r-jvic  viij  specify  tht  require  me  rgs  for  these  service  conditions  based 
o'-  'ouqrmeu:  design  arc  femcn  r  la  A IEC  system. 

:  '  i  risctrrmagsefee  irserfersflce  C-ompatliality 


.  jtSS  i 

ICC 


is  tor  prrTssier  against  Sleetrosasgsefee  Interference 
E  .scrracusgagtoc  Ccrnpaiisclil:.  (EMQ  is  the  A  TEC  lam  iiy  are 
•c  x  s  iystam  bas.s  arc  a  too  or  a:  _rcrr_jcsi  eccipmerr  basis. 

-  icrs.  e.ecrrc:tl  rc-tots  rsree  toots.  :r  other  ei  cal  devices 
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will  be  required  to  have  minimal  interference  generating  capability  to  be  compatible 
with  the  ATEC  facility.  Electrical  devices  found  to  have  detrimental  ejects  upon 
aTEC  equipment  will  be  required  to  be  replaced  with  noninterfering  devices;  or 
will  be  shielded  or  filtered,  or  both,  to  bring  interferring  signals  down  to  an 
acceptable  level.  The  ATEC  equipment  must  also  be  designed  so  as  not  to  be 
susceptible  to  normal  radiating  signals  from  other  equipment  or  sources  in  the 
ATEC  facility.  Electromagnetic  compatibility  requires  that  equipment,  which 
is  connected  to  make  up  a  system,  neither  generate  nor  be  susceptible  to  inter¬ 
ferring  signal  levels.  The  equipment  must  operate  satisfactorily,  not  only 
independently,  but  also  in  conjunction  with  other  equipment  which  may  be  located 
nearby.  The  individual  equipment  specifications  will  specify  the  EM1/EMC  re¬ 
quirements  based  on  equipment  design  and  function  in  the  ATEC  system. 

3.7.4  Training  and  Personnel 

The  contractual  requirement  for  training  and  personnel,  in  regard  to  the 
ATEC  facility,  is  that  any  specific  training  requirements  for  the  tech  controllers 
and  maintenance  personnel  will  be  identified.  The  ATEC  facility,  because  of  the 
-  installation  of  complex  equipment  and  consoles,  and  new  operational  concepts,  will 
require  instruction  that  is  commensurate  with  the  skill  levels,  experience  and 
ability  to  assimilate  training  that  characterizes  the  type  of  operational  and  main¬ 
tenance  personnel  presently  assigned  to  tech  control  faculties.  Section  XVII, 

Human  Factors,  in  Volume  n  has  analyzed  the  capabilities  required  of  tech 
control  and  maintenance  personnel  for  the  ATEC  facility.  The  following  paragraphs 
provide  a  discussion  of  specific  training  and  personnel  requirements. 


The  specific  training  requirements  for  tech  control  personnel  will 
concern  the  functions  of  the  ATEC  system,  understanding  of  electronic  data  pro¬ 
cessing  as  applied  in  the  ,S’T'£C  system,  and  a  thorough  knowledge  of  console 
operation  and  functions  as  provided  for  ATEC.  The  ATEC  facility  will  engender 
new  procedures  stemming  from  the  enhanced  capabilities  of  monitoring  and 
sensoring.  The  central  control  personnel  must  be  able  to  make  changes  and  update 
the  computer  data  base  for  both  record  and  report  generation.  The  status  and 
monitor  personnel  for  system,  link,  circuit  and  equipment  roust  be  able  to 
analyze  display  information  and  make  decisions  based  on  apriori  or  near-real- 
time  data.  Finally,  and  perhaps  most  important,  the  tech  controllers  must  be  made 
to  understand  that  tb-"5  ATEC  system  is  semi-automated,  not  an  automatic,  system  and 
that  the  facilities  provided  are  to  enhance  the  tech  controller’s  capabilities  and 
are  not  to  replace  them.  The  man-machine  interface  is  still  as  important  as  it 
ever  was,  with  the  tech  controller  as  the  deciding  link  In  the  feedback  loop  function 
of  the  ATEC  system. 


The  following  is  a  listing  of  nominal  training  requirements  for  operator 


personnel  at  ATEC  facilities. 

POSITION  TITLE 

FORMAL  TRAINING 

OJT 

Shift  Supervisor 

100  hours 

S  months 

Central  Control 

80  hours 

3  months 

Status  Monitoring 

60  hours 

1  month 

Quality  Control 

80  hours 

1  month 

Tech  Controller 

60  hours 

1  month 

The  specific  training  requirements  for  maintenance  personnel  will  involve 
the  functional  and  performance  characteristics  of  the  ATEC  system  and  of  the 
equipment  provided  for  the  system.  The  major  items  requiring  instruction  in 
preventive  maintenance,  and  in  localization,  Isolation  and  repair  of  failures  are: 

(a)  processor  and  peripheral  equipment,  (b)  display  and  control  console  equipment, 
(c)  switching  matrices  and  ancillary  equipment,  (d)  sensor  and  telemetry  equip¬ 
ment,  and  (e)  specialized  test  equipment.  Each  of  these  may  be  considered  a 
separate  area  for  instruction  or  specialization,  however,  all  will  require  a  basic 
knowledge  of  solid-state  and  switching  equipment  troubleshooting  methods. 

The  following  is  a  listing  of  nominal  training  requirements  for  maintenance 
personnel  at  ATEC  facilities. 


DESCRIPTION 

FORMAL  TRAINING 

OJT 

Electronic  Digital  Data 

Processing  Repairman 

200  hours 

2  months 

Microwave  and  Communi¬ 
cations  Relay  Center 

Repairman 

40  hours 

2  weeks 

Wire  and  Inside  plant 
Cable  Repairman 


20  hours 


2  weeks 


The  skill  level  requirements,  for  the  operational  and  maintenance  personnel 
in  the  ATEC,  will  be  commensurate  with  those  normally  assigned  to  the  present 
TCF's,  The  present  Air  Force  TCF‘s  utilize  operational  personnel  in  the  AFSC 
(Air  Force  Specialty  Code)  307X0  career  field  (the  ,rX"  designating  the  skill  level) . 
The  skill  level  of  these  assigned  tech  controllers  usually  varies  from  3-level  for 
airmen,  to  5-level  for  sergeants  and  staff  sergeants  to  7-level  for  tech  and  master 
sergeants,  and  to  S-level  for  senior  and  chief  master  sergeants.  The  quantities  of 
each  skill  level  to  be  assigned  to  an  ATEC  facility  will  obviously  depend  upon  the 
operational  requirements  and  size  of  the  station.  The  status  monitoring  and  quality 
control  console  positions  will  nominally  require  5-level  operating  personnel  but 
3-level  personnel,  with  appropriate  OJT  (On-The-Job-Training),  will  be  able  to 
operate  the  consoles  and  perform  the  required  functions  (with  supervision  for 
unusual  situations).  The  central  control  console  position  will  nominally  require 
a  7-level  tech  controller  but  5-level  personnel,  again  after  appropriate  OJT,  will 
be  able  to  operate  the  consoles  and  perform  the  required  functions.  The  9-level 
personnel  will  continue  to  perform  the  tech  control  administrative  and  supervisory 
functions  presently  assigned;  although  these  personnel  will  also  need  to  know 
facets  of  each  operation  and  function  in  the  ATEC. 

The  maintenance  personnel  presently  assigned  to  Air  Force  TCF's  are 
usually  in  the  304X0  (Microwave  and  Communication  Belay  Center  Repairman) 
and  362X0  (wire  and  Inside  Plant  Cable  Repairman)  career  fields.  To  these,  for 
ATEC,  will  be  added  the  AFSC  305X1  (Electronic  Digital  Data  Processing  Repair¬ 
man).  The  skill  level  of  these  maintenance  personnel  will  vary  from  3  to  5  to  7 
to  S,  depending  on  the  quantities  and  types  of  equipment  to  be  maintained.  Normal 
maintenance  functions  will  require  5-level  personnel  but  3-level  personnel,  with 
adequate  OJT,  will  be  able  to  perform  maintenance  and  repair  (with  supervision 
for  unusual  situations).  The  7  or  9-level  personnel,  if  assigned,  will  continue 
to  perform  the  maintenance  administrative  and  supervisory  functions  presently 
assigned,  although  they  will  also  be  required  to  know  the  theory  and  operation  of 
the  ATEC  system/facility  and  equipments. 

The  following  is  a  typical  listing  of  nominal  skill  level  manning  requirements 
at  Air  Force  ATEC  facilities. 


POSmON/DESCRIPTION 

AFSC 

Shift  Supervisor 

30770 

Central  Control 

30770 

Status  Monitoring 

30750 

ATEC  FACILITY  SIZE 
SMALL  MEDIUM  LARGE 

1  1  1 

1  1  1 


2 


3 


(Typical  Listing  Continued) 

ATEC  FACILITY  SIZE 

POSITXON/BESCRI PTION 

AFSC 

SMALL  MEDIUM 

Li 

Quality  Control 

30750 

I 

1 

2 

Tech  Controller 

30730 

1 

2 

3 

Electronic  Digital 

30571 

0 

0 

1 

Data  Processing 

30551 

1 

1 

l 

1 

Repairman 

30531 

0 

l 

1 

Subtotals 

6 

9 

13 

Total  Personnel  (X4.2  Shifts) 

25 

38 

55 

3.7.5  Quality  A  ssur anc  e 


The  recognized  principles  of  Quality  Assurance  will  be  a  requirement 
in  support  of  ATEC  facility  implementation.  In  accordance  with  provisions  of 
AFSCM/AFLCM-375-1,  "Configuration  Management  During  Definition  and 
Acquisition  Phases",  Exhibits  I  and  n,  requirements  for  formal  tests  and/or 
verifications  will  be  included  in  Section  4  of  the  system  specification  and  indivi¬ 
dual  equipment  (CEI)  specifications. 


The  requirements  for  QA  in  the  system  specification  will  include  Category  I 
and  Category  n  testing  of  system  performance,  design  characteristics  and  operability. 


Category  I  tests /verifications  will  include  both  in-plant  and  integrated 
system  testing.  An  analysis  of  Category  I  test  requirements  indicates  that 
Engineering  Test  and  Evaluation  in  support  of  design  and  development  activity 
will  not  be  required.  Formal  Qualification  Testing  will  be  limited  to  the  contract 
end  item  level,  with  the  exception  of  components  designated  as  Engineering 
Critical  Components,  which  will  be  individually  qualified.  Demonstration  that 
the  required  system  reliability  has  been  achieved  will  be  accomplished  by  data 
analysis.  The  data  item  "ATEC  Reliability  and  Maintainability  Analysis",  will  be 
used  to  establish  the  format  and  requirements  of  the  data  analysis. 


Category  H  (or  equivalent)  system  testing  will  be  defined  for  an  integrated 
test  of  the  complete  ATEC  system  in  the  final  environment.  Category  n  tests  will 
be  specified  in  accordance  with  approved  test  plans  developed  to  demonstrate 
compliance  with  the  requirements  of  Section  3  of  the  system  specification. 

« 

The  requirements  for  QA  in  the  Part  I  CEI  detail  equipment  specifications 
will  include  verification  of  performance,  design  and  construction.  Verification 
will  be  accomplished  by  inspections,  demonstrations,  or  tests  of  the  requirements 
of  Section  3  of  the  CEI  specifications  in  a  Category  I  test. 

The  Category  I  test  will  include  all  testing  of  the  CEI  required  to  satisfy 
the  requirements  of  the  specification.  Engineering  Test  and  Evaluation  to  verify 
interface  requirements  in  a  subsystem  configuration  will  be  included  in  a  Subsystem 
Test  Plan.  Preliminary  Qualification  Tests  will  not  normally  be  required  unless 
specified  by  the  procuring  activity.  Formal  Qualification  Tests  will  include 
inspections,  analysis,  demonstrations  and  tests  necessary  to  verify  requirements 
of  Section  3.  Reliability  Tests  and  Analysis  will  be  performed  to  verify  reliability 
requirements  in  Sections.  If  any  of  the  components  are  found  too  critical,  then 
Engineering  Critical  Component  Qualification  Testing  will  be  specified  for  that 
item.  Category  n  tests  will  not  normally  be  required  unless  requirements  con¬ 
tained  in  Section  3  cannot  be  verified  until  the  CEI  is  assembled  into  or  used  with 
other  system  equipment.  Such  requirements,  however,  will  be  incorporated  only 
upon  specific  approval  of  the  procuring  activity. 

3.7.6  Test  Equipment 

The  test  equipment  (Maintenance  Ground  Equipment)  requirements  for 
the  ATEC  facility  will  encompass  those  devices  required  to  restore  the  system, 
subsystems  or  equipment  to  operating  condition.  The  test  equipment  recommended 
for  use  by  maintenance  personnel  Las  been  delineated  in  Volume  n,  Section  XXI, 
Maintenance  Test  Equipment.  Provision  of  these  items  will  be  subject  to  approval 
by  the  procuring  activity. 


ISO 


SECTION  V 


ATEC  COST-EFFECTIVENESS  ANALYSIS 


1.  INTRODUCTION 

An  analysis  of  the  relative  utility  of  any  system  or  process  must  include  an 
assessment  of  the  benefits  derived  from  its  use  versus  the  resources  expended  for 
its  implementation.  In  general,  since  total  resources  of  the  nation  and  the  Department 
of  Defense  are  limited,  it  is  mandatory  that  the  Government  invest  in  those  systems 
that  achieve  the  highest  level  of  effectiveness  or"payoff".  By  selecting  those  systems 
possessing  high  relative  payoffs,  the  total  resources  of  the  Government  may  be 
conserved  and  maximum  effectiveness  achieved  for  a  given  budget. 

The  ATEC  cost-effectiveness  program  was  developed  with  the  same  basic  goal: 
to  maximize  the  efficiency  of  a  given  investment  in  an  ATEC  system.  To  achieve  this 
goal,  a  coordinated  program  to  assess  equipment,  subsystems,  systems,  functions, 
and  station  types  was  undertaken.  Each  decision  involving  selection  of  equipment 
items,  measurement  functions,  and  subsystems  was  accomplished  on  a  cost- 
erf  ectiveness  basis. 

2.,  PURPOSE  AND  SCOPE 

The  ATEC  ccet-effectiveness  program  was  structured  to  provide  for  the  develop¬ 
ment  of  methodology  adequate  to  assess  the  benefits  relative  to  cost  of  implementing 
alternative  ATEC  systems.  Specifically,  the  program  was  designed  to  accomplish 
an  optimal  ATEC  based  on  maximizing  the  return  on  invested  capital. 

3.  METHODOLOGY 

3 . :  Coat  Model  -  By  ATEC  Function  and  Site 

To  adequately  assess  the  most  effective  ATEC  functions  and  facility  size,  it  is 
first  necessary  to  calculate  costs  for  these  functions  and  differing  sized  sites /facilities. 
The  methodology  employed  in  this  costing  operation  is  quite  straightforward.  The 
equipments  and  systems  required  were  listed  and  the  costs  developed  ia  the  equipment 
and  subsystem  costing  phases  are  merely  summed  and  added  to  the  cost  of  unique 
manpower,  training,  and  replacement  spare  requirements.  The  total  cost  by  site  and 
function  is  compared  with  the  discounted  cost  savings  due  to  manpower  economies  and 
increased  circuit  availability.  The  return  on  invested  capital  can  then  be  calculated 
on  an  annual  basis. 
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3 . 2  Measurement  of  Effectiveness 


The  components  of  system  cost  have  been  expressed  iB  dollar  terms.  To 
compare  the  cost  and  "revenue"  components  during  implementation  of  an  ATEC 
system,  it  is  necessary  to  obtain  an  economic  expression  the  the  benefits  of  ATEC. 

To  accomplish  this,  the  economic  benefits  from  ATEC  were  derived  from  the  savings 
in  manpower  and  circuit  availability  due  to  implementation  of  the  system.  The 
savings  in  mau  hours  were  equated  to  dollar  terms  by  assuming  a  wage  and  benefit 
rate  of  $7.80  per  hour.  The  dollar  savings  in  circuit  availability  were  obtained 
by  multiplying  the  time  saved  (per  circuit),  due  to  employing  ATEC,  times  a  rate 
of  $8.40  per  circuit  hour.  This  rate  was  derived  from  the  DOD  Rule-of-Thumb 
Pricing  Guide  for  Military  C-E  System 

The  essence  of  cost-effectiveness  analysis  is  to  compare  the  cost  of  obtaining 
a  capability  versus  assessing  its  benefits.  This  analysis  has  expressed  both  cost 
and  effectiveness  in  dollar  terms.  To  assess  the  "payoff"  from  ATEC,  the  return 
on  invested  capital  was  ea^ulated  by  site  and  function.  The  results  of  this  analysis, 
which  are  presented  in  paragraph  4  of  this  section,  indicate  some  most  significant 
implications  for  policy  tow?.."d  ATEC. 

The  ATEC  system  was  divided  into  functions  in  order  to  facilitate  the  measure¬ 
ment  of  system  effectiveness  well  as  effectiveness  of  the  individual  functions.  The 
following  represents  a  list  of  the  functions: 

Function  1  - 

©  Fault  Detection  and  Isolation 

Function  2  - 

©  Equipment/Link  Monitoring 

Function  3  - 

©  Automated  Patching 

Function  4  - 

©  Reporting 

Function  5  - 

©  Circuit  Qualification  and  Testing' 

Function  6  - 

©  Remote  Site  Equipment/Link  Monitoring 

Appendix  I,  Volume  I,  of  this  report  contains  the  details  of  the  cost-effectiveness 
calculations.  The  following  subparagraphs  summarize  the  methodology  employed  ip 
the  detailed  emoulf.tions . 
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3-2.1  Effectiveness  of  Functions 

3. 2. 1. 1  Function  1  -  Fault  Detection  and  Isolation 

The  results  of  the  calculations  show  that  the  largest  savings  are  obtained 
by  implementing  the  fault  detection  function.  This  saving  is  largely  due  to  a  recovery 
of  indeterminate  outage  time.  This  may  be  defined  as  the  time  from  the  occurrence 
of  the  failure  to  the  time  it  is  reported  to  or  observed  by  tech  control.  For  DC 
circuits  in  the  present  manual  system,  this  outage  time  was  estimated  to  be  approxi¬ 
mately  11  minutes  and  consists  mainly  of  the  time  it  takes  an  operator  to  become 
aware  of  the  fact  that  a  failure  has  occurred.  This  delay  is  caused  by  the  lack  of  an 
effective  means  for  detecting  a  fault  on  an  operating  circuit.  For  VF  circuits  the 
indeterminate  outage  time  was  estimated  to  be  63  minutes.  The  rationale  employed 
here  was  that  voice  circuits  are  not  used  100  percent  of  the  time  and  for  some 
circuits  this  idle  period  could  extend  up  to  a  period  of  several  hours.  The  dollar 
savings  in  this  area  is  $21. 06  per  year  for  each  DC  circuit  and  $798.58  per  year 
i or  each  VF  circuit. 

The  fault  isolation  operation  is  in  two  parts;  first  is  a  determination  of 
whether  the  failure  is  within  the  facility  or  external  to  the  facility  and  second,  if  it 
is  within  the  facility,  a  determination  of  what  equipment  has  failed.  The  savings 
for  the  first  fault  isolation  function  is  $40. 34  per  year  for  each  DC  circuit  and 
$125. 30  per  year  for  each  VF  circuit.  The  savings  for  the  second  fault  isolation 
function  is  $11.  87  per  year  for  each  DC  circuit  and  $34. 32  per  year  for  each  VF 
circuit. 

The  total  circuit  outage  cost  savings  for  Function  1  is  $113. 27  for  e.rch 
DC  circuit  and  $958. 20  for  each  VF  circuit. 

3. 2. 1. 2  Function  2  -  Equipment/ Link  Monitoring 

The  savings  due  to  Equipment/ Link  Monitoring  is  again  due  to  indeter¬ 
minate  outage  time.  However,  savings  are  not  as  great  as  in  Function  1.  This  can 
be  observed  by  examining  the  distribution  of  failures  as  they  are  observed  at  one 
node.  Ninety-two  percent  of  the  failures  occur  external  to  the  node,  while  only 
eight  percent  occur  within  the  mode.  Since  Function  2  involves  monitoring  equipment 
within  the  node,  it  can  only  be  slightly  more  than  1/10  as  effective  as  Function  1 
because  of  the  failure  distribution.  The  savings  attributable  to  Function  2  are  $0, 44 
per  year  for  each  DC  circut  and  c8,  29  per  year  for  each  VF  circuit. 

3. 2. 1. 3  Function  3  -  Automated  Patening 

The  savings  that  can  be  obtained  from  automated  patching  are  in  two 
areas,  a  reduction  in  outage  time  and  a  savings  in  the  manpower  required  to 
accomplish  the  patch.  However,  these  savings  are  only  available  when  patching  is 
necessarj  at  the  ATEC  facility  in  restoring  the  failed  circuit  to  service.  An  analysis 


of  the  information  available  on  Fuchu  Air  Station  yielded  an  average  circuit  of  1000 
miles  in  length  with  9  nodes.  By  assuming  that  the  ATEC  was  the  middle  node  and 
analyzing  all  of  the  possible  combinations  of  patching,  the  ATEC  was  involved  in 
patching  1/5  of  the  time  for  failures  external  to  the  ATEC.  The  total  savings  for 
Function  3  are  $7. 78  per  year  for  each  DC  circuit  and  $17. 02  per  year  for  each 
VF  circuit. 

3 . 2 . 1 . 4  Function  4  -  Reporting 

The  savings  obtainable  by  automating  the  reporting  function  occur  only 
in  the  reduction  of.  the  manpower  required  to  make  the  report.  Outage  time  savings 
are  unattainable  since  the  report  Is  normally  constructed  after  the  necessary 
restorative  actions  have  been  completed.  Since  outage  time  savings  are  not  a  part 
of  the  savings  for  Function  4,  the  difference  in  vlaue  for  DC  circuits  and  VF  circuits 
has  no  effect.  The  savings  are  $20. 88  per  year  for  each  circuit. 

3. 2. 1. 5  Function  5  -  Circuit  Qualification  Testing 

There  are  three  areas  where  savings  can  be  obtained  by  automating  this 
function:  testing  as  required  as  part  of  the  restoration;  testing  as  required  as  a 
quality  control  function;  and  the  reduced  outage  as  a  function  of  increased  effectiveness 
of  the  quality  control  function.  The  summation  of  the  effects  of  all  of  these  taken 
together  is  a  savings  of  $76. 51  for  each  DC  circuit,  and  $32u.  73  for  each  VF  circuit. 

3. 2. 1.  6  Function  6  -  Remote  Site  Equipment/Link  Monitoring 

The  addition  of  remote  site  equipment/link  monitoring  results  in  some 
savings  that  have  been  obtained  at  the  main  ATEC  facility.  The  interaction  is  in  the- 
area  of  savings  of  the  indeterminate  outage  time;  that  is,  the  main  facility  also 
observes  the  failure  and  would  react  to  notify  the  remote  site.  With  the  remote  site 
monitoring  its  own  equipment,  it  would  take  direct  action  to  correct  the  failure.  With 
the  addition  of  remote  site  monitoring,  savings  &re  obtained  because  the  failures 
that  occur  at  the  remote  site  are  transferred  from  the  category  of  notifying  someone 
else  that  there  is  a  failure  to  the  category  of  taking  direct  action  and  immediately 
resolving  the  problem.  The  outage  time  savings  for  the  direct  action  type  of  failures 
was  assumed  to  >e  the  average  outage  time  calculated  from  the  Fuchu  failure  reports 
less  the  time  it  takes  the  ATEC  facility  to  restore  the  circuit  to  service.  The  outage 
time  savings  for  the  notify  action  type  of  failure  was  assumed  to  be  the  reduction  in 
reaction  time  due  to  the  implementation  of  ATEC  and  only  for  the  period  of  time  that 
the  ATEC  facility  was  involved  with  the  failure.  The  difference  between  the  savings 
from  direct  action-and  notify  action  type  oi  failures  is  a  large  percentage  saving  In 
the  average  outage  time.  The  net  savings  for  this  function  will  be  $12.12  per  year 
per  DC  circuit  and  $72  .  64  per  year  per  VF  circuit. 
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3.3  Effectiveness  of  Sites 

Three  model  size  sites  were  established  by  an  evaluation  of  72  DCS  stations  in 
order  to  measure  the  variation  in  effectiveness  due  to  the  size  of  an  ATEC  facility. 

3.3.1  Small  Site 

The  model  small  site  was  calculated  to  contain  60  channels  composed  of  40  VF 
channels  and  20  DC  channels,  of  which  38  VF  channels  were  for  VF  circuits  and  two 
were  for  the  tone  side  of  the  DC  multiplex.  There  were  no  remote  sites  associated  with 
the  small  facility.  Following  is  a  tabulation  of  the  yearly  dollar  savings  that  can  be 
expected  for  each  function  and  the  total  for  this  ATEC  facility. 
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Annual  Dollar  Savings  -  Small  Site 


Function 

1 

2 

3 

4 

5 

6 

Facility 


Savings 

$40,593 

340 

836 

1,253 

l4r359 

$57,381 


3.3.2  Medium  Site 


A  medium  site  was  calculated  to  contain  420  channels  composed  of  260  VF 
channels  and  160  DC  channels,  of  which  250  VF  channels  were  for  VF  circuits  and 
1 0  were  for  the  tone  side  of  the  DC.  multiplex.  There  was  assumed  to  be  an  HF 
transmitter  and  resolver  site  associated  with  the  medium  facility.  Following  is  a 
tabulation  of  the  yearly  dollar  savings  that  can  be  expected  for  each  function  and  the 
total  for  this  ATEC  facility. 


Annual  Dollar  Savings  -  Medium  Site 


Function 

1 

2 

3 

4 

5 

6 

Facility 


Savings 

$267,255 

2,226 

5,670 

8,770 

95,631 

2,380 

$381,932 
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3.3.3  Large  Site 


A  large  site  was  calculated  to  contain  1100  channels  composed  erf  560  YF 
channels  and  540  DC  channels,  of  which  533  YF  channels  were  for  VF  circuits  snd 
27  were  for  the  tone  side  of  the  DC  multiplex.  These  were  assumed  to  be  an  EF 
transmitter  and  receiver  site  associated  with  tha  large  facility.  F allowing  is  a 
tabulation  of  the  yearly  dollar  savings  that  can  be  expected  for  each  function  and 
the  total  for  the  ATEC  system. 

Annual  Dollar  Savings  -  Large  Site 

Function  Savings 

1  $537, 758 

2  4,880 

3  12, 732 

4  22, 968 

5  220, 924 

G  3,093 

Facility  $863,355 

4,  RESULTS 

4.1  ATEC  Equipment  and  M&O  Costs 

The  results  of  the  analysis  of  the  72  DCS  stations  yielded  channel  capeeines  for 
the  three  size  statistical  models  Assumptions  were  made  relative  to  lie  aamasrs 
of  links,  the  type  of  links,  the  quantity  of  connected  users  and  t be  «ru amity  erf  tfercegs 
circuits.  For  each  of  the  three  model  sites,  an  equipment  summary  was  ©evekoed 
The  equipments  were  segregated  and  listed  in  the  same  functional  groupings  itsl  were 
used  for  the  measurement  of  the  ATEC  system  effectiveness.  Tbe  eceiosssKS  that 
required  development  were  analyzed  and  ?n.  estimate  of  the  or-s  use  oe  elepiscs 
costa  and  recurring  procurement  costs  were  made.  Catalog  prices  were  used  for 
off-the-shelf  equipments.  In  order  to  develop  a  statistical  spread  of  the  one  time 
costs  an  assumption  was  made  that  the  procurement  of  ATEC  for  the  overall  DCS 
would  be  for  8  large  sites,  25  medium  sites  cod  17  small  sites.  Ackbuossily,  partial 
implementation  of  some  sites  will  more  than  affect  any  inaccuracies  iocsr rec  in 
using  this  distribution.  The  accrued  costs  for  each  function  and  for  ooe  of  each  rrf 
the  three  size  ATEC  facilities  were  gathered  together  and  are  presented  in  “he  cost 
rows  of  Table  IV.  No  costs  were  included  for  ATEC  maintenance. 

Improved  efficiencies  in  DCS  station  ma  Lots;  mace  will  more  than  affect  addl  tears 
burdens  imposed  on  maintenance  by  the  addition  of  the  ATEC  facility.  This  is  exem¬ 
plified  by:  (a)  earlier  detection  of  faults  prior  to  catastrophic  failure,  (>  sssistaree  m 
maintenance  in  fault  location  through  the  fault  Lsoiarfoc  function,  allowance  ta 
more  effective  deployment  of  maintenance  personnel  through  greater  effect: recess  zi 
the  quality  assurance  functioii. 
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4.2  Co3t-Ef£eeciveR9SS  Summary 

Table  IV  presents  a  comparison  of  the  cost-effectiveness  for  tho  three  size  sites 
and  for  each  of  the  functions  of  the  ATEC  system.  The  payoff  period  has  been  cal¬ 
culated  employing  a  discount  rate  of  10  percent.  As  indicated  in  the  tables,  some 
functions  and  site  sizes  have  an  infinite  payoff.  This  is  due  to  the  payoff  being  of 
lesser  value  than  the  discount  rate  on  an  annual  basis.  It  would  appear  that 
Functions  2,  3,  6  are  of  marginal  productivity  and  cannot  be  recommended  on  a 
cost-effective  basis. 

This  cost-effectiveness  data  has  been  developed  in  part,  from  information  obtained 
cn  the  Technical  Conti'ol  Activities  at  the  Fuchu  station.  This  information  provides  a 
view  of  the  DCS  which  indicates  97.  8%  efficiency.  If  in  other  geographical  areas  this 
efficiency  is  different,  the  ATEC  payoff  periods  change  quite  dramatically  as  shown 
in  Figure  19. 

5.  CONCLUSIONS 

The  net  cash  flow  analysis  presented  in  the  preceding  paragraphs  exhibits  some 
rather  sta?  tling  differences  in  the  return  on  invested  capital.  Of  the  six  basic  ATEC 
fund  ons,  c'ault  detection  and  isolation  testing  and  reporting  appear  to  have  a  signifi¬ 
cant  payoff  in  economic  terms.  The  other  basic  functions  -  automated  patching,  remote 
site  monitormg,  and  equipment/'link  monitoring  have  little  or  no  advantage  from  a  cost- 
benefit  standpoint.  The  payoff  period  xor  these  items  approaches  infinity.  Since  the 
net  return  on  invested  capital  is  less  than  the  assumed  discount  rate  of  10  percent,  the 
net  return  on  these  functions  is,  in  fact,  negative.  On  the  basis  of  this  analysis,  it 
would  appear  that  the  fault  isolation,  reporting  and  testing  functions  should  be  imple¬ 
mented  as  a  first  pi'iority  to  maximize  the  immediate  payoff.  The  implementation  of 
other  functions  could  then  be  considered  if  justifiable  on  a  more  qualitative  basis. 

The  cost-benefit  analysis  also  considered  and  compared  the  degree  of 
payoff  by  size  of  the  ATEC  sites.  The  percentage  payoff  increases  with  site  size  to 
about  18  percent  for  the  large  ATEC  facility.  The  payoff  period  for  the  large  site  is 
4.2  years.  The  return  from  the  medium  sized  ATEC  facility  is  about  13  percent  per 
year  resulting  in  a  payoff  period  on  a  discounted  basis  of  5.  7  years.  The  small  ATEC 
facility  never  achieves  a  net  payoff  and  would  therefore  not  be  recommended  as  a 
promising  use  of  economic  resources.  However,  this  does  not  preclude  the  selective 
implementation  of  certain  key  ATEC  facility  techniques  in  smaller  facilities. 

Combining  these  most  significant  results  yields  the  conclusion  that  an  optimal 
strategy  would  be  to  invest  in  fault  isolation  testing  and  reporting  at  large  and 
medium  ATEC  sites.  The  payoff  period  in  such  a  strategy  is  1.  9  and  3.1  yeax’S, 
respectively.  The  payoff  from  implementing  these  functions  at  the  small  sites 
is  quite  low  and  is  not  recommended.  Again,  the  other  ATEC  functions  at  any 
size  facility  do  not  appear  to  warrant  implementation  from  a  cost-effectiveness 
standpoint. 
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The  basic  technique  and  data  used  to  develop  the  various  alternative  strategies 
are  presented  in  Appendix  I,  permitting  the  reader  to  calculate  simply  any  alternative 
strategy  that  might  be  of  interest. 

This  analysis  did  not  consider  a  detailed  time-phase  implementation  plan  on  a 
worldwide  basis.  Such  an  analysis  is  a  major  undertaking  and  must  consider  a  host 
of  different  implementation  strategies  in  great  detail  over  a  five  to  ten  year  period. 

Implementation  planning  of  this  typo  .s  necessary  to  achieve  true  cost-effectiveness 
in  the  final  implemented  system. 

i 


Some  comments  can  be  made,  however,  concerning  implementation  strategy. 
Briefly,  the  highest  payoff  occurs  from  implementing  the  fault  isolation  function  at 
large  sites.  Thus,  this  function  should  be  implemented  first.  As  more  sites  are 
implemented,  the  incremental  payoff  from  adding  each  site  will  not  be  as  high  as 
the  preceding  one  since  they  will  tend  to  interact.  This  is  a  well  known  economic 
principle  known  as  eventually  decreasing  marginal  productivity  of  capital.  To 
alleviate  this  problem  in  ATEC .  it  would  appear  to  be  a  wise  strategy  to  separate 
the  implemented  ATEC  sites  very  widely  so  as  to  minimize  interaction  and  maximize 
the  potential  payoff. 

It  is  anticipated  that  certain  TCF's  within  the  DCS  will  be  prime  candidates  for  total 
implementation  of  all  ATEC  capabilities.  These  TCF's  will  undoubtedly  be  those  at 
major  nodal  points  witnin  the  DCS  and  as  such  will  probably  also  be  DCS  reporting 
stations.  It  is  conceivable  that  the  implementation  of  ATEC  could  be  restricted  to  a 
small  number  (perhaps  15  to  30)  of  such  selected  sites,  and  that  marked  benefits 
could  be  derived  from  such  a  limited  implementation;  particularly  as  a  result  of  the 
circuit  momioring  concepts  of  the  recommended  ATEC  facility  design.  If  such  a 
limited  implementation  is  undertaken,  the  result  will  be  a  mixture  of  totally  auto¬ 
mated  TCF's  and  of  totally  manual  TCF's.  This  mixture  of  the  old  and  tne  new  is 
certain  to  contribute  numerous  impediments  to  achieving  the  primary  objectives  of 
ATEC.  For  example,  the  ATEC  facility,  having  detected  a  fault  and  having  initiated 
a  request  for  a  quedty  check  at  a  manual  TCF,  must  standby  until  the  results  of 
manual  monitoring  techniques  (including  the  inherent  inaccuracies  of  human  accom¬ 
plishment  and  interpretation)  are  reported.  Hence,  while  a  fault  was  detected 
rapidly,  its  verification  and  isolation  might  require  an  incompatibly  longer  time. 

The  objective  here  is  to  identify  phased  implementation  approaches  of  the  functional 
elements  which  could  provide  the  greatest  benefit  for  any  given  expenditure  of  time 
and  money. 
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The  total  recommended  ATEC  facility  configuration  Is  separable  into  a  number  of 
functional  rmwles.  These  may  be  Identified  as  follows: 

a.  Circuit  .Vice  Coring 

b.  Link/Equipment  Monitoring 

c.  Improved  Manual  Patching 

d.  Test  Busses  and  Quality  Control  Cvssole 

e.  Fault  Isolation 

f.  Data  Base 

g.  Remote  Site  Monitoring 

h.  Reporting  and  Record  Keeping 

i.  Automated  Patching 

Each  of  these  functional  modules  benefits  (to  a  greater  or  lesser  degree)  from  the 
presence  of  a  certain  amount  of  data  processing,  data  analysis,  display  and  control, 
operator  evaluation,  and  other  similar  support  elements.  However,  certain  of  the 
functional  modules,  namely,  (1)  improved  manual  patching,  (2)  test  busses  and 
quality  control,  and  (3)  the  DC  portion  of  the  circuit  monitoring,  can  be  implemented 
individually  and  independently  without  the  presence  of  the  abo^e  support  elements. 

Also,  certain  other  functional  modules  which  require  processing  and  its  related 
elements  can  be  implemented  at  a  given  TCF  and  share  the  required  processing 
located  at  a  nearby  TCF  which  has  been  more  fully  automated.  Such  functional 
modules  include  (1)  circuit  monitoring,  (2)  link/equipment  monitoring,  (3)  fault 
isolation,  and  even  limited  data  base  and  reporting  and  record  keeping  capabilities. 

The  important  factor  here  is  that  communications  channels  required  for  access  to 
the  remotely  located  processor  must  not  be  permitted  co  exceed  the  cost  of  a  processor 
and  r  Wted  hardware;  and,  also,  the  total  cost  of  such  communications  channels  must 
not  exceed  the  benefits  which  result  from  such  use.  Section  XII  (of  this  report), 
Telemetry  Analysis,  provides  a  detailed  investigation  of  approaches  to  obtaining  such 
channels,  e.g. ,  speech-plus,  time  sharing  and  others. 

Essentially,  there  are  three  basic  methods  of  implementing  ATEC  on  a  world-wide 
basis:  (1)  total  Implementation  (all  functional  modules)  of  a  selected  number  of  TCF's, 
with  additional  TCF's  implemented  as  a.  function  of  time;  (2)  partial  implementation 
(selected  functional  modules)  of  a  larger  number  of  TCF's,  with  additional  TCF's 
implemented  as  a  function  of  time;  and  (3)  total  implementation  (all  functional 
modules),  but  only  for  selected  circuits  at  a  large  number  of  TCF's.  Of  course,  there 
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are  variations  of  each  of  the  above  basic  methods,  as  well  as  hybrid  approaches 
{combining  elements  of  each  of  the  above  basic  methods).  The  first  method  results 
in  implementation  of  the  fewest  number  of  stations.  The  reman  ing  two  methods 
allow  for  implementation  of  a  larger  number  of  stations,  with  the  second  method 
probably  resulting  in  the  largest  number.  For  the  third  method,  all  of  the  basic 
hardware  elements  are  required  and  hence  the  major  part  of  the  total  cost,  is 
incurred  (fewer  dollars  are  needed  to  expand  a  functional  module  once  its  oasic 
elements  are  obtained). 

On  the  basis  of  all  facts  known  to  date,  it  is  recommended  that  an  implementation 
approach  be  adopted  which  would  result  in  the  total  implementation  of  all  ATEC 
functions  at  selected  major  TCF's  and  partial  implementation  (selected  functional 
modules)  at  other  key  TCF's.  The  totally  implemented  TCF's  would  be  those  having 
particularly  strategic  positions  in  the  DCS  and/or  having  a  large  technical  control 
requirement.  These  partially  implemented  TCF's  may  have  their  own  processor 
and  related  peripheral  equipment  or  may  share  such  facilities  at  the  associated 
fully  implemented  TCF:  this  determination  must  be  made  in  the  form  of  a  cost 
tradeoff  (processor  and  peripheral  vs.  communications  channels)  on  a  per  station 
basis.  The  centrally  located  fully  implemented  TCF  would  exercise  operational 
control,  including  coordination  and  reporting,  for  the  assigned  partially  implemented 
TCF's. 

The  actual  time  phased  implementation  actions  required  to  achieve  the  final  or 
eventual  world-wide  ATEC  configuration  are  expected  to  1x2  a  function  of  available 
funding.  Therefore,  it  is  recommended  that  a  time  phased  sequence  of  ATEC 
implementation  be  adopted  for  all  stations  to  be  implemented  (fully  implemented 
or  partially  implemented).  This  sequence  should  be  related  to  the  functional  modules 
as  listed  earlier.  The  oarticular  sequence  may  vary  depending  upon  the  mission  and 
needs  of  the  particular  TCF  and  can  be  terminated  at  any  point  in  the  sequence. 
However,  the  fo’ lowing  seuuence  is  expected  to  be  generally  applicable. 

•  Circuit  monitoring  -  considered  most  valuable;  includes  both  user  drop  and 
baseband  VF  channel  selectors,  associated  VF  channel  analyzers,  and  VF 
channel  scanner;  requires  processor  capability,  but  can  share  a  processor 
located  remotely.  Display  of  status  can  be  via  teletypewriter  driven  from 
remotely  located  processor.  Digital  circuits  are  monitored  via  a  digital 
circuit  analyzer  requiring  no  external  processor  and  employing  teletypewriter 
for  alarm  and  status  readout.  Digital  circuit  monitoring  can  be  implemented  at 
any  site  at  any  time,  independent  cf  other  circuit  monitoring, 

®  Link/equipment  monitoring  -  considered  less  valuable  than  circuit  monitoring, 
but  a  natural  extension  of  mentoring  capability;  can  still  share  remotely  located 
processor;  should  not  precede  circuit  monitoring.  Implementation  requires 
addition  of  equipment/lir.k  sensors,  sensor  scanner  and  A/D  converter. 
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Improved  manual  patch  bays  -  reduces  circuit  noise  as  a  result  of  sealed  ^ 
contacts;  permits  patch  verification  via  cord  scanning  if  processor  is  employee 
or  when  processor  is  added.  These  patch  bays  can  be  installed  at  any  time 
(no  processor  requirement)  but  are  required  prior  to  implementing:  (1)  test 
busses  and  quality  control,  (2)  fault  isolation,  and/or  (3)  automated  patching 

(when  justified). 

Test  busses  and  quality  control  -  test  busses  require  the  existence  of  the 
improved  patch  bays;  however,  they  permit  access  to  all  circuits  for  testing 
and  monitoring  via  the  quality  control  position,  and  permit  the  addition  ox  fault 
isolation.  The  quality  control  position  may  include  a  full-fledged  console 
(CRT  associated  keyboard  and  reference  file)  if  a  processor  is  located  at  the 
site-  or  may  be  abbreviated  to  a  teletypewriter  and  the  test  equipment  complex, 
if  a  processor  is  not  available.  In  any  case  the  addition  of  test  busses  and  the 
quality  control  position  permits  circuit  qualification  and  testing. 

,  Fault  isolation  -  considered  second  only  to  circuit  monitoring  in  value, 
nrimarily  an  extension  of  circuit  monitoring  in  that  access  to  intermediate 
circuit  points  is  obtained;  requires  use  of  test  busses,  VF  channel  aaaiyz®r 
and  VF  channel  scanner.  Fault  isolation  could  conceivably  be  supported  by  a 
remotely  located  processor,  but  when  combined  with  all  preceding  functions, 
the  processor  information  rate  and  hence  the  required  intersite  channel  oapa- 
cit-  might  prove  excessive.  A  cost  tradeoff  analysis  will  be  required  on  a  per 

sice  basis. 

.  Data  base  -  implies  many  types  of  reference  data  to  be  employed  for  monitoring 
and  testing,  fault  isolation,  restoring  and  rerouting,  automated  patching, 
reporting  and  record  keeping,  as  well  as  other  functions.  The  data  base  is  to 
be  stored  via  a  combination  of  magnetic  tape  and  random  access  mass  storage. 
Hence,  it  requires  the  presence  of  a  processor.  It  requires,  of  course,  tai« 
transport  and  random  access  memory,  and  will  probably  require  the  expansion 
„f  processor  core  storage  to  permit  optimum  use  of  the  data  base. 

•  Remote  site  monitoring  -  refers  to  monitoring  of  remote  sites  which  are 
directly  under  the  jurisdiction  of  the  TCF,  l.e. ,  HF  transmitter  and  receiver 
sites,  associated  tropo  and  LOS  terminals,  LOS  repeaters,  and  satellite 
earth  terminals.  Such  monitoring  is  accomplished  via  sensors  and  scanners 
at  the  remote  sites  and  is  relayed  to  the  TCF  for  processing  Alarn*s  and 
status  are  returned  to  the  remote  site  for  presentation  via  teletypewriter. 

Remote  site  monitoring  obviously  requires  ?  processor  at  the  TCF. 

.  Reporting  and  record  keeping  -  required  primarily  to  achieve  real-time  report¬ 
ing^  record  keeping,  with  accuracy.  Requires  considerable  processor  and 
associated  storage  capability;  hence,  requires  presence  of  processor.  Reporting 
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could,  however,  be  handled  by  the  cent. -ally  located  fully  Implemented  site 
(reporting  site)  since  it  wiL  have  states  of  other  sites  sharing  its  processor. 

Automated  patching  -  a  not  highly  cost-effective  function  may  te  required  on 
basis  other  than  cost.  Requires  existence  of  improved  patch  bays,  cord  scanning, 
processor,  and  control  consoles.  Automated  patching  on  selected  circuits 
(switching)  is  most  applicab’e  for  implementation. 


SECTION  VI 


CONCLUSIONS  AND  RECOM.ME NDA TIO NS 


1.  GENERAL  CONCLUSIONS 

This  section  presents  a  summary  of  the  major  conclusions  and  recommendations 
which  have  been  drawn  and  developed,  respectively,  as  a  result  of  the  study  efforts 
carried  out  under  the  various  tasks.  The  discussion  first  describes  individual 
functional  areas,  then  considers  the  ATEC  system  and  the  ATEC  facilry. 

It  is  considered  technically  feasible  to  automate  the  following  technical  control 
functions: 

a.  Circuit  Monitoring 

b.  Equipment  Monitoring 

c.  Link  Monitoring 

d.  Fault  Isolation 

e.  Patching 

f.  Data  Base 

g.  Reporting  and  Record  Keeping 

h.  Display  and  Control  Consoles 

i.  Monitoring  at  Remote  Radio  Terminals  and  Unmanned  Repeaters. 

The  following  functions  are  requirements  which  can  enhance  communications 
system  performance  and  are  not  specifically  required  because  of  ATEC  alone: 

•  Worldwide  Clock 

»  Automated  Line  Conditioning. 

2.  CIRCUIT  MONITORING 

It  is  concluded  that  circuit  monitoring  will  provide  the  major  source  of  status 
information  and,  furthermore,  is  the  most  cost-effectiv?  of  all  functions  amenable 
to  automation. 


It  is  recommended  that  circuit  monitoring  be  perfon  ,<i  at  the  outputs  from  the 
ATEC  facility  on  a  scanning  basis.  For  VF  circuits,  mo  itorlng  should  be  provided 
on  user  VF  receive  lines  2nd  multiplex  baseband  VF  transmit  channels.  Each 
circuit  should  be  accessed  once  per  minute  by  a  VF  chan*  d 
sample  for  1.2  second,  measure  signal  level  and  noise  ' 
signal  sample  is  sDeeeh  or  non  speech,  and  deliver  a  DC 
1.5  to  22.5  volts  to  an  analog~to**digital  (A/D;  converter  for 
digital  code  plus  a  parity  bit.  This  digital  equivalent  01  the 
entered  into  a  data  processor  for  comparison  against  prevk 
Amber,  and  Red  thresholds.  Amber  and  Red  c.xuitions  will 
fault  isolation  function  discussed  below;  Amber  v  ill  also  trigger  a  trend  analysi 
operation  to  determine  the  rate  of  approach  toward  Red. 


analyzer  which  will 
identify  whether  the 
\age  in  the  range  of 
conversion  into  a  6— bit 
measured  level  will  je 
lsly  established  Green, 
cause  entry  into  the 


For  start-stop  DC  circuits,  monitoring  will  taka  place  on  user  DC  receive  lines 
and  VFCT  transmit  tone  channels,  measuring  distortion  and  loss  of  transitions  once 
every  two  minutes,  on  a  sample  of  approximately  one  second  duration.  The 
measurement  results  are  entered  into  the  data  processor. 


For  synchronous  TC  circuits,  where  the  data  modem  is  in  the  ATEC  facility, 
the  digital  signal  on  the  user  receive  line  is  sampled  for  loss  of  transitions. 


3.  EQUIPMENT  MONITORING 

The  main  benefits  of  equipment  monitoring  are  derived  from  monitoring  the 
performance  of  wideband  equipment,  i.  e. ,  multiplex  and  radio.  Information  on 
equipment  affecting  individual  channels,  such  as  line  conditioning  equipment,  VE 
channel  modems,  tone  keyers  and  converters,  is  more  readily  obtainable  from 
circuit  monitoring.  Parameters  to  be  monitored  are  available  in  many  existing 
equipments  and  require  the  addition  rf  standardized  sensors  for  translating  the 
actual  parameter  values  into  the  standard  range  of  DC  voltage  suitable  for 
A/D  conversion  and  processor  entry.  Equipment  monitoring  alone  is  only 
marginally  cost-effective,  but  its  relatively  low  cost  warrants  its  Inclusion 
as  a  supplement  to  circuit  monitoring  as  an  aid  in  fault  isolation. 
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6.  LINK  MONITORING 


link  monitoring  in  adequately  covered  by  the  parameters  recommended  for 
elicuit/equipmetti  monitoring, 

5,  FAULT  ISOLATION 

This  function  is  needed  to  determine,  first,  whether  the  indicated  circuit 
fault  is  inside  or  outside  the  ATEC  facility  and,  second,  to  localize  the  fault 
within  the  ATEC  facility  cr  to  an  paternal  site.  It  can  correlate  equipment 
alarms  with  circuit  alarms  and  can,  when  necessary,  perform  additional 
measurements  under  processor  control,  supplemented  by  aemiautomated 
capabilities  at  the  status  monitoring  and  quality  control  consoles.  It  also 
requires  coordinated  efforts  with  other  ECS  stations  for  external  faults.  This 
function  is  considered  a  necessary  adjunct  to  the  previously  discussed  monitoring 
functions. 

Additional  fault  isolation  capability  will  be  provided  at  the  status  monitoring  and 
quality  control  consoles.  Analog  and  digital  test  equipment  will  be  available  which 
can  access  any  circuit  through  monitor  and  teat  trunks  in  the  circuit,  primary  and 
DC  patch  bays.  In  addition,  separate  trunks  will  be  provided  for  the  simultaneous 
insertion  of  1000-Hz  test  tone  on  many  VF  circuits  through  the  circuit  patch  bays 
and  of  FOX  messages  on  many  DC  circuits  through  the  DC  patch  bays.  With 
these  capabilities,  the  ATEC  facility  personnel  will  be  able  to  assist  other  stations 
in  fault  isolation  efforts. 

6.  PATCHING 

It  is  technically  feasible  and  effective  to  use  a  combination  of  manual  patch  bays 
and  switching  matrices  for  increased  cost-effectiveness  and  reduced  size  and 
complexity  of  the  patching  facility.  The  matrices  should  have  the  capability  for 
establishing  simultaneous  connections  corresponding  to  the  average  number  expected 
*u  a  manual  patching  facility  (estimated  to  be  on  the  order  of  10  to  15  percent  of  the 
normal-through  connections),  with  the  patch  bays  handling  any  instantaneous  overflow 
and  also  providing  a  manual  backup  capability.  It  has  been  determined  that  the  use 
of  matrices  which  access  all  the  circuits  or  groups  appearing  at  the  patch  bays  has  a 
relatively  low  cost-effectiveness  and  does  not  appear  to  be  warranted.  Rather,  for 
each  site,  consideration  should  be  given  to  the  desirability  of  providing  matrix 
switching  for  only  the  most  critical  circuits  and  groups,  thus  reducing  both  size  and 


cost.  it.  is  also  concluded  that  improved  patch  bay  designs  are  called  for  to  eliminate 
exposed  contacts  in  signal  paths,  with  their  resultant  potential  for  introducing  contact 
noise,  and  to  provide  automated  access  to  circuits  for  monitoring  ami  testing  purposes. 

It  is  recommended  that  only  four  types  of  patch  bays  be  used:  group,  circuit 
(equal-level),  primary  (cable),  and  DC.  The  VF  patch  bay  should  be  eliminated* 
Instead,  attenuator  pads  should  be  inserted  between  the  multiplex  channels  sed  tins 
line  side  of  the  circuit  patch  bays  to  adjust  for  level  differences,  and  all  line  condi¬ 
tioning  equipment  (such  as  SF  units,  echo  suppressors,,  amplifiers,  pads,  hybrids, 
signaling  converters)  should  be  located  on  the  equipment  sides  of  fee  circuit  psieh  bays. 

r-  .,e  improved  designs  for  group,  circuit,  primary,  and  1X1  patch  bays  sfeeald 
include  the  following  features: 

a.  Jacks  for  terminating  and  monitoring. 

b.  Sealed  contact  reed  relays  lor  normal  through  connections  and  for  iefTealMUng 
the  unused  member  of  a  terminating  jack  pair  when  cord  patching  is  used. 

c.  Cord  scanning,  under  processor  control,  to  enable  verification  of  the  correct¬ 
ness  of  each  cord  connection  or  disconnection. 

d.  Except  for  the  group  patch,  monitor  and  test  trunks  which  can  be  accesse 
from  the  status  monitoring  and  quality  control  consoles  for  the  insertion  of 
test  signals  and  the  extraction  (by  bridging  or  terminating)  of  traffic  and  test 
signals.  Test  trunks  will  also  permit  the  insertion  of  1000-Hz  test  tone 
simultaneously  into  many  VF  circuits  and  of  FOX  messages  into  many  DC 
circuits.;  Terminating  or  bribing  connections  to  individual  circuits  will  be 
derived  through  reed  relays  which  are  controlled  by  the  processor  in  response 
to  instructions  entered  by  console  operators. 

When  switching  matrices  are  used,  it  is  recommended  that  none  by  employed  at 
the  primary  patch  bay,  because  the  low  frequency  of  line  conditioning  equipment 
substitution  can  be  handled  readily  by  manual  patching.  The  circuit  switching  matrix 
should  use  the  recently  developed  solid-state  digital-crosspoint  matrix  (with  pulse- 
width  modulation)  to  effect  a  significant  reduction  In  size.  The  DC  switching  matrix 
should  use  the  same  solid-state  crosspoinis,  without  the  modulators  and  demodulators 
needed  for  VF  circuits;  this  matrix  should  handle  only  low  level  DC  signals.  Reed 
relays  are  recommended  for  the  group  switching  matrix  because  of  the  higher 
frequencies  encountered  and  the  relatively  small  size  of  the  switching  facility.  Toe 
reed  relays  will  be  magnetically  latched  and  will,  therefore,  need  no  power  for 
holding.  The  solid-state  matrices  will  require  constant  application  of  power  to 
maintain  established  connection.  It  is  assumed  that  an  uninterrupted  (no  break) 
power  source  will  >  e  available  to  the  ATEC  facility.  This  feature,  combined  with 
multiple  power  supplies  on  a  common  DC  voltage  bus,  will  ensure  continuity  of 
holding  power. 
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From  t be  coot-  ~ta  <£  the  dxta  base,  the  processor  css  generate  printed,  either 
aatcasatlcsllj-  by  jfaedfaie  or  oo  operator  requests,  of  the  equivalents  of  most  of  the 
iogs,  Soros,  and  records  which  are  celled  for  In  Volame  2,  Chapter  11,  of  DCAC 
«o  reduce  the  work  load  of  the  technical  controllers.  Specifically,  It  Is 
recoosmeaded  that  an  activity  lag  be  geoeralod  at  each  coesole,  recording  all  activities 
and  S'eeaU,  wiifc  the  log  at  the  central  control  being  the  master  station  log.  In 
s&fi&oa,  the  processor  will  produce  printouts  of  coctmaaricatioos  -work  orders  an  a 
teletypewriter  in  the  Maintenance  Section;  maintenance  personnel  will  be  able  to  eater 
the  results  of  their  sctk.es  into  the  processor  through  the  same  teletypewriter.  With 
regard  to  the  other  forms  and  records,  it  is  recommended  thet  the  Government 
investigate  the  desirability  cf  replacing  presec:  manual  corapietiae  procedures  by 
zetossated  printouts  of  equivalents,  i  t.,  the  same  information  but  not  necessarily 
Lz  exactly  the  vai se  formst. 


Ooe  other  term  of  recommended  record  seeping  is  the  maintenance  of  journal  oc 
magnetic  tape,  recording  all  significant  ereste  lor  laser  retrieval  and  for  analysis  at 
a  centr  al  off-line  processing  iacility,  saci  as  at  s  J2GCC  or  OfcJf  eieraeat- 


5.  OPTRA TUC  CONSOLES 


it  is  coc chased  that  three  different  types  of  Seacttrx»».  operating  posittna*  m 
seeder  -  p)  Cestrxi  Control,  (b)  Satas  MoaiSert»,  and  fc?  Quality  Ccatrot.  Central 
Coetra  is  needed  as  a  saapen^sory  ,'rrficti  aad  viB  araiaitsie  cognizance  cf  the  overall 
suns  of  the  iarkitt?  and  cf  the  cccaadeaticsi  teswrew  5- 1. ,  perform  system 
performance  test  zvceltc-rjg},  be  ^tpatfSe  fe  he  iapeseteaoB  c £ 
sapiaaned  reroKtea,  and  will  complete  aad  release  reports,  if  the  week  iced  is  large 
eacegh.  the  CesSnl  Controller  should  hare  as  ussistsst  tc  handle  system  perfacmaace 
matiers. 


The  States  Moeitoviag  operator  will  be  rgymlBe  fe  link.  e^Hsert,  aad  cucdt 
zss  ritorirg,  for  fault  asofarfeac,  fcr  coonhnxke  with  after  DCS  stations  and  with 
a*.rs,  fc-r  eqeypeae  sseetitssaac,  and  psrepiz.ii8ed  drcaat  resscratiaos  sac  rerosses. 

In  larger  faci  attest .  more  than  are  operating  posMrs  h*t  be  required- 

fiz  scalis?  z'xzt'J.  rperator  will  it  required  to  p'ricrtr  detailed  cst-of-aerrioe 
•  rsdag  af  acirre  tad  spire  eqeipmeec,  thaaeh.  as  '  circaats  iz  order  to  detect 
degradatioBS  oeir-re  they  become  bfkrte.  Be  will  perfect  accepts  ace  testing  of  new 
aad  repaired  equipment  aad  dresr^r* .  Be  wiD  assist  the  sesfias  sooeitoring  operators 
by  '*<grieSf'qg  preoiems  requiring  lengthy  taaki  itaato  efforts,  Irretcg  these  operators 
Srr  other  peebtexe,  tad  vCl  lemporamiy  awreme  tie  Axles  of  s  states  moastorfag 
ocerate'T  iz  the  erect  tf  aadclj  aetrr  prdbtem  load. 

Each  of  the  'XjerstLtg  posSfcac  «U1  be  eqtippec  with  a  3E±reml  Irteractjre 
'^■ga.  occaiz&ag  a  CRT  display,  az  alphazcmeric  and  fctetiae  keyboard,  a  ftiac 
reference  Sie,  and  *  ieiesypewTiter.  AH  console*  will  o'  -oiz  Tc6ce  iatercsxz,  and 
Trace  aad  teletype*  riter  croeraire  apdCftiet .  In  add&tioe,  the  Ceccrsl  Cceftrai 


console  will  hrre  a  high  speed  liue  printer  for  volume  outputs;  the  status 
monitoring  console  will  bare  analog  and  digital  test  equip  met*  for  fault  isolation; 
and  Che  quality  control  console  will  hare  test  equipment  satiable  for  detailed 
alignment  and  testing,  as  well  as  for  fault  Isolating.  The  latter  two  consoles  will  be 
able  to  access  any  VF  or  DC  dread!  lor  monitoring  or  teetbg  da  monitor  and  ted 
tranks  in  the  p*icb  bays;  operator  instructions  te  the  processor  will  operate  relays 
la  tihe  patch  to  effect  tee  desired  couadou. 


With  exception  of  differences  in  test  equip  meat  complements,  tee  reran  taring 
similar! tie*  rmeng  tee  various  consoles  permit  temporary  changes  in  console  assign¬ 
ments  to  Jett  contingencies,  such  as  console  failures  or  peak  lends. 

10.  DATA  PBOCES3WG 

A  data  processing  intnyite  in  is  seeded  for  tee  control  of  aC  automatic  *aa 
semiautomatic  taactkM,  taekfiig- 

-*  Sc  tenet  Control 

•  Modtortg  Analysts 

<  Morite  and  Test  Trafc  Contra 

*w  m  ..  _  w  ■ ^ 

m  WKfDf  Mtfnx  coco vet 

•  Patch  Cord  *Tr  iiwlgg 
»  Data  Base  Update 

•  CBTCtapfcay 

•  Prtafiont 

«  Operator  bpri 

•  Bqxattag  aad  Esocrd  Keeping 

The  maajme  reqatres  a  stored  prsgias  raaQ  scale  processor  with  core 
memory,  a  ansa  storage  file  (decs  or  dud  tor  program  was  data  base  storage,  and 
a  rjfwtic  tape  file  far  /ocraal  entry  and  mrimL  S  is  presently  aQaricd  that 
oare  away  will  require  as  sssek  as  32  thr  maar*  1WB  words,  tee  mass  storage 
file  a  wgriaszg  oc  25®.  0»  characters,  and  tee  aagnrtfc?  tape  fOe-three  tepe  ertree 
(one  far  enter,  one  for  retrieval,  uc  one  as  a  spare}. 

11.  OOSTaDL  003CKC7«CAT1D3C 

A  voice  atgwgaaricoicaa  freer  Is  ceedec  rrteir  tee  A  TEC  fndltty  to 
eieabte  coon£ teifoe  ;r  ::ttT&as  at  ccoeobTS,  tqr*rraest  bays,  patch  hays,  aad  tee 
r’wlzteaaace  seetfoe- 


Voice  and  data  orderwires  conforming  to  the  DC  A  policies  expounded  in  DCAC- 
310-50-6  will  satiety  the  needs  of  the  ATEC  system  for  communications  among  DCS 
stations.  Thus,  ATEC  facilities  and  other  major  nodal  points  will  be  tied  together 
by  express  order-wires.  Adjacent  sites  will  communicate  over  link  orderwires. 
Communications  to  remote  radio  sites  and  major  users  will  also  be  needed. 

Where  express  orderwires  do  not  permit  direct  connections  between  widely 
separated  ATEC  facilities,  the  common  user  AUTOVCN  network  should  be  used. 

Processor  to  processor  communications  between  ATEC  facilities  on  the  same 
express  orderwire  will  be  provided  by  applying  a  speech-plus-teletype  capability 
to  the  voice  express  orderwire.  Similarly,  monitoring  information  from,  and 
control  data  to,  remote  radio  sites  and  unmanned  repeaters  will  be  carried  over 
voice  orderwires  in  a  speech-plus -teletype  mode. 

5  is  assumed  that  two  way  communication  for  operational  direction  by, 
coordination  with,  and  reporting  to  DOCC  elements  will  be  enabled  primarily  by 
critical  control  circuits.  When  these  are  not  available,  common  user  networks 
{AUTO YON  and  AUTODIN)  will  be  used.  Maintenance  management  circuits  will 
be  used  for  communications  with  O&M  agency  elements  when  available,  Dr  else 
common  user  networks  will  be  used. 


When  the  ATEC  facility  serves  an  A.UTOVON  switch,  results  of  inters  witch 
trunk  testing  by  the  routiner  should  be  sent  over  a  DC  circuit  into  the  ATEC 
processor  to  report  on  tranks  which  have  failed  the  routiner  test.  Similarly, 
when  an  AUTODIN  switching  center  is  served,  the  detection  of  excessive  errors 
on  an  interswitch  trunk  or  a  user  circuit  passing  through  the  ATEC  facility 
should  be  reported  to  the  ATEC  processor  ever  a  DC  circuit. 

12.  MONITORING  OF  REMOTE  RADIO  TERMINALS  AND  UNMANNED  REPEATERS 

Toe  remote  radio  terminals  of  interest  here  are  those  RF  receiver  and 
transmitter  sites  and  tropospheric  scatter  terminals  which  furnish  long  haul 
trunking  for  the  ATEC  facility  but  are  physically  separated  from  it  by  intersite 
links  because  of  sitting  requirements  dictated  by  space  considerations  {KF  antenna 
farms)  or  propagation  Deeds.  These  remote  sites  are,  in  reality,  merely  an 
extension  of  the  ATEC  facility.  As  such, the  monitoring  of  intersite  and  long-haul 
Urkg  y-nd  equipment  is  needed  to  complete  the  overall  status  picture.  It  is 
recommended  that  equipment  monitoring  of  the  types  described  in  paragraph  3  be 
performed  at  these  remote  sites  and  that  the  measurements  obtained  be  forwarded 
by  speech  -plus  -te  le  t  ype  ever  t ha  voice  orderwire  to  the  ATEC  processor.  Alarm 
conditions  will  be  returned  to  the  remote  site  and  printed  on  a  teletypewriter  for 
the  benefit  of  site  persenr-?'.. 
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The  status  of  an  unmanned  repeater, which  Is  the  operational  and  maintenance 
responsibility  of  the  ATEC  facility,  must  be  known  to  facilitate  fault  isolation  in  a 
link  which  contains  this  repeater.  It  is  recommended  that  monitoring  of  the  type 
discussed  in  paragraph  3  for  LOS/Tropo  terminals  be  incorporated  into  the  repeater 
and  that  the  measured  values  be  returned  to  the  ATEC  processor  for  analysis.  A  voice 
orderwire  to  the  ATEC  facility  is  needed  for  the  benefit  of  maintenance  personnel  dis¬ 
patched  to  the  site  to  effect  repairs;  monitoring  data  can  be  transmitted  uslng  speech- 
plus -teletype.  / 


m 


i  i 


The  status  of  a  satellite  earth  terminal  is  also  of  prime  importance  to  the  ATEC 
facility,  in  order  to  facilitate  monitoring  and  fault  Isolation  as  well  ms  to  permit  system 
optimization,  as  indicated  in  paragraph  3,  the  status  information  collected  and  pro¬ 
cessed  at  the  satellite  earth  terminal  should  be  summarized  and  relayed  to  the  ATEC 
facility.  Again,  a  voice  orderwire  is  needed  between  the  satellite /earth  terminal 
and  the  ATEC  facility. 


Error  detection  coding,  by  parity  bits,  will  be  used  on  all  dfata  transmissions 
to  ensure  the  validity  of  the  data  received  by  the  ATEC  processor. 


13.  ATEC  FACILITY 

In  the  performance  of  a  cost-effectiveness  analysis,  the  activities  of  the 
ATEC  facility  were  divided  into  six  principal  automated  functions: 


a.  Circuit  monitoring  and  fault  Isolation 

b.  Equipment/llnk  monitoring 


c.  Quality  control 

d .  Reporting 

e.  Switching 

f.  Remote  site  monitoring. 

The  processor  subsystem,  except  for  magnetic  tapes,  was  assigned  to  circuit 
monitoring;  the  tapes  were  allocated  to  reporting.  The  patch  bays  were  divided  equally 
between  circuit  monitoring  and  quality  control.  Switching  includes  only  the  switching 
matrices.  As  a  result  of  the  analysis,  it  has  been  determined  that  the  six  functions 
rate  as  follows,  in  order  of  decreasing  cost-effectiveness: 

o  Circuit  monitoring  and  fault  isolation 

e  Quality  control 
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9  Reporting 


•  Equipment/link  monitoring 

•  Switching 

«  Remote  site  and  unmanned  repeater  monitoring. 

Further,  cost-effectiveness  was  evaluated  for  three  sizes  of  station: 

•  Small  -  less  than  100  VF  and  100  DC  circuits 

«  Medium  -  100  to  420  VF  and  100  to  400  DC  circuits 

•  Large  -  more  than  420  VF  and  400  DC  circuits. 

The  results  indicate  that  the  implementation  of  ATEC  in  the  small  site  is  com¬ 
pletely  unjustifiable,  but  is  worthwhile  for  the  medium  and  large  sites. 

14.  WORLDWIDE  ATEC  SYSTEM 

A  worldwide  ATEC  system  is  feasible  and  will  be  instrumental  in  improving 
and  maintaining  the  performance  of  the  DCS.  The  ATEC  capability  should  be  imple¬ 
mented  only  at  the  major  nodal  points  of  the  DCS,  constrained  to  the  large  and 
medium  sites  previously  defined;  it  should  abo  be  installed  at  the  remote  radio 
sites  and  unmanned  repeaters  which  are  the  direct  responsibility  of  the  aTEC  facility. 

The  ATEC  facility  should  be  assigned  for  a  geographic  zone  around  it,  encom¬ 
passing  all  the  manually  operated  stations,  for  which  it  maintains  the  general  status 
of  ail  the  communications  resources  (i.e.,  system  performance  status  monitoring), 
assists  the  other  stations  as  needed,  and  reports  for  all  stations  In  the  zone. 

ATEC  facilities  should  cooperate  in  the  resolution  of  problems  which  lie 
between  them  and  should  assist  intervening  manual  stations  to  the  ma^  mum  extent 
in  such  resolution.  As  already  stated,  primary  communication  between  ATEC 
facilities  should  be  by  express  orderwires,  with  the  AUTOVGN  network  as  a 
supplement.  In  addition,  ATEC  facilities  should  be  able  to  Interchange  status 
information  of  common  Interest  by  processor  to  processor  channels. 
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is.  A  TEC  IMPLEMENTATION 


By  way  of  illustration,  three  possible  methods  of  implementation  are  presented. 
In  the  first,  one  site  is  implemented  at  a  time  with  ail  functions. 

In  the  second  method,  several  stations  are  installed  eimolianespaisly  fact  are 
initially  equipped  with  only  some  of  the  A  TEC  functions.  With  time,  other  functions 
can  be  added  in  a  modular  fashion.  A  possible  sequence  for  this  method  might  be: 

a.  Circuit,  equipment,  aid  link  monitoring;  fault  isolation;  and.  reporting. 

This  step  woo  id  include  the  improved  patch  bays,  consoles  for  stelae  mcai- 
toring  and  Central  Control,  and  the  data  processing  subsystem,  along  with 
the  equipment  needed  for  monitoring  and  fault  isolation. 

b.  Quality  control 

c.  Switching  (when  justified) 

d.  Remote  radio  site  and  unmanned  repeater  monitoring. 


Beyond  fee  first  step,  it  may  be  necessary  to  add  additional  core  memory  ami 
program  modules. 

In  fee  third  method,  a  member  of  sites  are  installed  simalianecosiy  wife  all 
recommended  functions  bet  each  Lec&cs  is  limited  to  caiy  a  selected  number  of 
circuits,  in  particular,  fee  most  critical  ones.  As  time  proceeds,  additional 
circuits  are  provided  each  function  until  fee  Mi  capability  it  reached. 


Of  fee  three  methods  outlined,  fee  seecsd  should  permit  fee  greatest  nrraber  cz 
sites  to  be  equipped  simultaneoasly  for  a  given  expenditure  of  funds,  fee  first  fee 
smallest  number.  However,  still  offer  methods  can  be  derived  as  ?  result  of 
various  combinations  of  fee  above  defined  methods  and  consistent  wife  fee 
Government’s  technical  and  fundi rg  require  mes-ts. 


APPENDIX  I 


COST  EFFECTIVENESS  CALCULATIONS 


The  measurement  of  cost  effectiveness  requires  that  the  savings  attributaDle  to 
the  system  being  implemented  be  balanced  against  the  cost  of  the  system  and  show  a 
savings  after  the  payoff  period. 

The  following  paragraphs  describe  the  derivation  of  the  formulas  for  calculating 
the  savings  due  to  ATEC.  In  reviewing  the  methods  of  imp'ementing  ATEC  at  a  DCS 
£  Station,  two  types  of  operator  action  seemed  to  lend  themselves  for  use  in  categorizing 

I  failures  at  a  station.  The  two  types  of  operator  action  are.-  direct  action  or  the  action 

s  taken  when  the  failure  is  directly  within  the  area  of  responsibility  of  the  tech  control, 

;  and  notify  action  or  the  action  taken  when  the  tech  control  becomes  aware  of  a  failure 

1  2t  a  distant  station. 

'  An  analysis  of  the  failure  reports  from  Fuchu  Air  Station  yielded  a  distribution  of 

*  failures  by  operator  action  as  shown  in  Table  L 


Table  I  Failure  Distrifcatioc  by  Action 


ACTION  TYPE 
Direct 
Notify 


DISTRIBUTION 

7-9* 

92.15 


from  the  analysis  «  the  f-ilure  reports,  a  distribution  of  the  types  of 
failures  and  the  average  ooi^e  time  for  each  type  was  obtained  as  shown  in  Table  IL 


Table  u  Failure 

Distribution  by  type 

average 

FAILURE  TYPE 

D.STRI3  tTTiO  N 

OUTAGE  TE1£E 

Path 

0.  8.S5 

30  min. 

Nodes 

57. 1 <?5 

30  min. 

User  Terminal 

9.355 

30  min. 

Outside  DCS 

2.  5?5 

155  min-- 

C c-mbinirg  Tables  I  and  n  yields  z  failure  distrfbetks-  that  will  be  used  in  analy¬ 
zing  the  savings.  This  failure  distriixgion  is  shown  ;a  Table  EL 


*</*&t*\ 


The  object  of  the  subsequent  calculations  is  to  determine  the  savings  for  each 
function  of  the  ATEC  system.  In  order  to  keep  the  savings  segregated,  the  avail¬ 
ability  of  the  functions  will  be  used  as  an  algebraic  gathering  point.  Table  IV  is  a  list 
of  the  functions  of  the  ATEC  system  and  the  availability. 


Table  IV  ATEC  Function  Availability 


FUNCTION 

NAME 

AVAILABILITY 

1A 

Output  Circuit  Monitoring 

0. 9991 

IB 

Input.  Circuit  Diagnosis 

0.9991 

1C 

Intra  Node  Diagnosis 

0.9991 

2 

Equip/ Link  Monitoring 

0.9992 

3 

Automated  Patch 

0. 9993 

4 

Beporting 

0.9989 

5 

Circuit  Qualification  and  Testing 

0. 9932 

6 

Remote  Site  Equip/Link  Monitoring 

0. 9991 

For  each  failure  category  and  action  type  in  Table  m,  a  savings  expressed  in  time 
can  be  calculated.  This  time  savings  is  in  two  categories,  manpower  and  outage  time. 
The  manpower  savings  is  acc  rued  through  the  time  savings  resulting  from  the  implemen 
tation  of  ATEC.  The  time  savings  occur  because  of  the  difference  in  time  required 
to  accomplish  failure  diagnosis  and  fault  isolation,  decisions  on  a  restorative  course 
oi  action  and  the  accomplishment  of  those  actions.  The  savings  in  outage-time  results 
from  the  ATEC  monitoring  system  alerting  the  tech'  coritroTof  a  failure  and  allowing 
corrective  action  to  be  taken  before  the  user  is  aware  that  the  failure  has  occurred. 
Since  the  majority  of  the  failures  are  reported  by  the  user  in  a  manual  tech  control, 
there  is  a  time  savings  between  the  report  from  the  monitoring  system  in  ATEC  and 
the  report  from  the  user  in  the  manual  system.  This  outage  time  has  been  termed 
the  indeterminate  outage  time  and  is  different  than  the  average  outage  time  of  a 
failure  type.  The  difference  is  that  presently  one  is  reported  and  the  other  is  not. 

This  indeterminate  outage  time  can  be-saved  by  ATEC  as  well  as  some,  If  not  ail,  of 
the  reported  outage  time.  Table  V  Is  an  estimate  of  the  indeterminate  outage  time.  A 
time  estimate  was  made  for  each  type  of  circuit  and  was  an  average  of  the  estimates 
of  the  minimum  and  maximum  response  time.  For  DC  circuits  the  minimum  response 
time  was  estimated  assuming  the  operator  was  attending  the  terminal  device,  and  the 
maximum  response  time  was  estimated  assuming  the  operator  was  attending  to  other 
duties . 
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Tabls  V  Estimate  of  Indeterminate  Outage  Time 


CTRCUir  TYPE 

TIME 

ESTIMATE 

’  .MIN. 

. 

CIRCUIT 

DENSITY 

PROBABILITY 

OF  FAHUELE 
OCCURRENCE 

DC  Circuits 

Clear  Text  (No  Crypto) 

3C 

I'Z 
-  ^ 

Non-Traffic  Flow*  Secure  Crvtsio 

30 

143 

243  1 

Traffic  Flow  Secure  Cryptc 

10 

553 

7o> 

Average  Indeterminate  Outage 
Time  DC  -  11.0  Min. 

" 

VF  Circuits 

Hot  Line 

30 

m 

53  | 

Common  User  Manual  Board 

15 

153 

| 

i 

Common  User  Automatic  Board 
AUTO VON 

VFCT  Tone  Channels 

5 

i 

|  Average  Indeterminate  Outage 
j  Time  VF  -63.7  Min. 


ISO 


li 


•*03 

2<?3 


153 


m, 


m 


S^r 


For  VF  circuits  the  minimum  response  time  was  estimated  c-rsan \ag  tbs  'oice 
circuit  was  in  use  and  the  maximum  response  time  was  estimated  sisaurring  fha  voir* 
clrcuit  was  idle  and  3cme  time  woold  elapse  before  It  war.  used  or  iestod.  A  •  estimate 
was  then  made  of  the  density  of  the  circuit  types  and  also  >:.!  the  probability  th<t  z 
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d  ajs  -33  when  a  failure  is  reported  a  diagnostic  action  (FtflB) 


v3  isis  cfcsa?  to  sstersiae  2  fee  failure  is  internal  or  external.  In  the  case  being 
cSscassed  fee  falls: re  vraoid  be  external  respiting  in  coordination  wife  fee  next  node. 
Pcsfcbg  (FIS)  and  testing  f? t5)  would  be  involved  Ln  accordance  wife  fee  constant 
X  feat  -sms  are'ricGs'rr  derived.  A  report  (FD4)  woald  also  be  generated. 


oe 


C  wtu  save  aS  of  fee  manpower  for  fee  diagnosis  (FUi  B)  and  part  of 
a.  (FUSi.  testing  (FITS)  and  reporting  (FtM). 


SSagtOSiS) 


X  &. 


(tasting)  x  £ 


(reporting) 


S2. 22^  (?.  OA i 3  *  0. 2A3  -  0.  93A4  -  0. 14A5)  = 


Manga  t  Time  FU1B 

-  3.0 

Manual  Time  FU? 

=  1.3 

ATEC  Time  FTJ3 

=  0.3 

Savings  FU3 

=  1.0  x  0.2  =  0.2 

Manual  Time  FU5 

-  2.4 

ATEC  Time  FU5 

=  1.7 

Savings  FU5 

=  0.7  x  0.2  =  0.14 

Manual  Time  FD4 

=  1.2 

ATEC  Time  FU4 

=  0.27 

Savings  FU4 

=  0.93 

j  2.41AIB  -  0. 1SA3  "  0.  ;'5A4  *  0. 11A5  j 
(Nods  -  Notify  -  Manpower) 

Direct  Action  (6.  $8^  failure  distribution  from  Table  III) 


Dotage  Savings  (form ala  3) 
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DAS  =  6.88%  jjO.  80  (AIND)A1A  +  23.02A1B  +  30.65A1C  +  0.20(A1ND)A2  + 

9.9A3  +17.77A5^j 


0,  06(A1ND)A1A  +  1. 58A1B  +  2. 11A1C  +  0. 01(A1ND)A2  +  0. 6SA3  +  1.22As| 


(Node  -  Direct  -  Outage) 

Manpower  Savings  (Node  -  Direct  Action) 

In  the  mfltnifll  system  when  a  failure  is  reported  a  diagnostic  action  (FU1B) 
will  take  place  to  determine  if  the  failure  is  Internal  or  external.  In  the  case  being 
discussed  the  failure  is  internal  and  a  further  diagnostic  (FU1C)  would  be  required  to 
isolate  the  failure.  Patching  (FU3),  testing  (FU5)  and  reporting  (FU4)  would  also  be 
involved  with  resolviig  the  failure. 

ATEC  will  save  all  of  the  manpower  for  both  diagnostic  functions  (FU1B  and 
FU1C)  and  some  of  the  manpower  for  the  patching  (FU3),  testing  (FU5)  and  reporting 
(FU4). 


(first  diagnostic) 

Manual  Time  FU1B 

=  3.0 

(second  diagnostic) 

Manual  Time  FU1C 

=  4.5 

(patching) 

Manual  Time  FTJ3 

=  1.3 

ATEC  Time  FU3 

=  0.3 

Savings  FU3 

=  1.3 

(testing) 

Manual  Time  FU5 

=  2.4 

ATEC  Time  Fuo 

=  1.7 

Savings  FU5 

=  0.7 

(reporting) 

Manua!  Time  FU4 

=  1.2 

ATEC  *,?ime  FV4 

=  0.27 

Savings  FU4 

=  0.93 

6. 88%  (3. 0A1B  +  4. 5A1C  +  1. 0A3  +  0.  93A4  +  0.  7A5)  = 

0. 21A1B  +  0. 31A1C  +  0. 07A3  +  0. 06A4  +  0. 05A5 

(Node  -  Direct  - 

Manpower) 
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User  ~e:  missi  Esihires 


Kotlij  Actios  (5. 6'?  failure  diHtrfbcaror:  iros  Table  IB? 

Outage  savings  (formula  S) 

XA§  =  S.  SI?  T(AIXD}  ALA  *  2.  LA  13  -  £♦.  2LA2  -  ®. 14A5  J 

{  0  09  (AIKD)  ALA  *  0.2-AA13  -Q.S2A3  *0.aiA3  j 
(User  Termisal  -Sgafy-Qaa-gg^ 

Manpower  Savis-s  (User  T errnfra':- Notify  A<rt£ic) 

la  tbs  manual  system  «bsc  2  failure  is  resorted  z  t^posSc  sksce  (TUTS 
will  take  place  to  determine  if  the  rail  ere  l*  -_r*ara»I  or  ertersaL  l z.  tbs  aia-r  serag 
discussed  the  failure  is  external  ressltirg  Is  ccordiuaifcc  -vita  tbs  sear  race-  Laics 
and  testing  -scold  not  bs  irvolTsri  lu  tMs  case.  A  report  -sco*d  «  gsoeratad  OFT-Ej. 

A  TEC  vrili  sere  ail  o:  tbs  raaspever  tot  me  diagnostic  t?UT3>  and  port  cf 
the  reporting  £F04). 


(diagnosis) 

(reporting) 


Ifarmai  tame  (ECTH?  -  3.0 

Jiiassai  EC4  =  1.2 

.-.TEC  time  E1T4  -  3.2T 

Saving  ?U4  =  0.  S3 


3-  61*$  (3.0.A13  *  0.93.44} 


0.26A13  ~  0.02.*.!  | 

(User  T ermisai-llsjQiy- Nfespera'er) 


Direct  Action  (0.74?  failure  aistribiaion  from  iabie  HI) 


Outage  Savings  (formula  4) 


DAS  =  0.74?  (AIXD)Ai.A  -*•  il.19.AiB  -  7.29.A5 


0.01  (AIND)Al.A  +  0.08A13  *  0.05A5 
(User  Terminal-Direct-Outage) 


Manpower  Savings  (User  Terminal  -  Direct  Action) 
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sacSce:  LA  0. 99  {ADS}  A1A  from  Table  VI 

A2KD*  19.0  DC  S3. 2  VY  {Eonaaia  1) 

ALA  =  9-  9931  from  Tfe&e  IV 

6. 93  (29.0  DC  -  63.2  YF)  0. SS31 
DC  eircciis 

*-3SXI£(.OXO.$991X25%X$0.14  f  6  = 

S§.^5  DC  p8?  d&j  or 

$21.  $5  SC  dst  rear 
\ 

V?  CfTCCltg 

5. 29  X  65. 2X0  *991  .<  25%  X  $0. 14  = 

$2. 19  Yr  per  day  or 
$753. 5S  W  per  year 

toeal  savicgs  sectiae  1A 

$21.06  DC  per  year 

V F  pwT  jca* 

secSoD  IB 

aofegs  Bsrisgs  4.23  A1B  from  Table  VI 

A  IB  =  0. 9991  from  Table  IV 
4.23  X  0.  S99i 


DC  circmls 


4.23  X  9. 3991  X  25%  X  $0. 14  4  6  - 

$0. 02  DC  per  day  or 
$9. 02  DC  per  year 


VF  circuits 


4. 22  X  0. 9991  X  25%  X  $0. 14  = 

$0. 15  VF  per  day  or 
$53. 98  VF  per  year 

manpower  savings  3 . 01A  IB  from  ^able  VI 

A  IB  =  0. 9991  from  Table  IV 
3.01  X  0.9991 

VI'  +  DC  circuits 

3. 01  X  0. 9991  X  25%  Y  $0. 13  = 

$0. 10  (VF  +  DC)  per  day  or 
$35. 66  (VF  +  DC)  per  year  x  2  = 

$71.32  (VF  +  DC)  per  year 

total  savings  section  IB 

$9. 02  DC  +  $71. 32  DC  =  $80.34  DC  per  year 

$53. 98  VF  +  $71.32  VF  *  $125.30  VF  per  year 

section  1C 

outage  savings  2. 11  A  1C  from  Table  VI 

A1C  =  0. 9991  from  Table  IV 
2.11  x  0.9991 

DC  circuits 

2.11X0.9991  X25%X  $0.14  f  6  = 

$0.01  DC  per  day  or 
$4.49  DC  per  year 


VF  circuits 


$0*07  YF  per  day  or 
$so.  94  YF  per  year 

manpower  savings  0.21  A1C  from  Table  VI 

A1C  =  0.5991  from  Table  IV 
0.31  X  0.8991 

YF  +  DC  circuits 

0.31  X  9.9991  X  25%  X  *0.13  » 

$0. 01  (VF  +  DC)  per  day  or 
$3.69  {VF  +  DC)  per  year  x  2  = 

$7.38  (VF  *  DC)  per  year 

total  savings  section  1C 

$4.49  DC  +  $7.38  DC  =  $11. 87  DC  per  year 

$26. 94  VF  +  $7.38  VF  =  $34. 32  VF  per  year 

Total  savings  Function  1 

$21.06  DC  +  $80.34  DC  +  $11.67  DJ  =  $113.27  DC  per  year 
$798.  '8  VF  +  $125.30  VF  +  $34. 32  VF  =  $958.29  VF  per  year 
Function  2 

outage  savings  0. 01  (AIND)  A  2  from  Table  VI 
A2  =  0. 3382  from  Table  IV 
AIND  =  10. 0  DC  +  63.2  VF  (formula  1) 

0. 01  (10. 0  DC  +  63. 2  VF)  0.  9992 

DC  circuits 

0. 01  X  10, 0  X  0.  9992  X  25%  X  $0. 14  7  6  = 

$0.0006  DC  per  day  or 
$0.22  DC  per  year 
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VF  circuits 


0. 01  X  S3. 2  X  0.  9992  X  25%  X  $0. 14  = 

$0. 02  VF  per  day  or 
$8.07  VF  per  year 

manpower  savings  0.01  A2  from  Table  Yi 

A2  =  0.9992  from  Table  IV 
0.01  X  0.9992 

VF  +  DC  circuits 

0.01  X  0.9992  X  25%  X  $0.13  = 

$0.0003  (VF  +  DC)  per  day  or 
$0.11  (VF  +  DC)  per  year  X  2  = 

$0. 22  (VF  +  DC)  per  year 

Total  savings  Function  2 

$0.22  DC  +  $0.22  DC  =  $0.44  DC  per  year 

$8.07  VF  +  $0.22  VF  =  $8.29  VF  per  year 

manpower  savings  =  $0. 22  per  circuit  per  year 

Function  3 

outage  savings  0.87  A3  from  Table  VI 

A3  =  0.9993  from  Table  IV 
0.87  X  0.9993 

DC  circuits 

0. 87  X  0.9993  X  25%  X  $0. 14  r  6  = 

$0.01  DC  per  day  or 
$1.86  DC  per  year 
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i 

I 

z 


YF  dreaSr 

0.S7X0.SS33  5  25?  X$0.14  * 

SO.CG  V?  per  cay  csr 
$11. 10  YF  per  year 

TTgrocrger  ssTlTgn  C.  23  A3  Iror;  T'siis  \T 

A3  *  0. 2S33  from  i^ble  FV 
0.25  X  0.93S3 

YF  -  DC  circuits 

0. 25  X  0. 9593  X  25%  X  $0.  13  = 

$0. 01  (YF  DC)  per  day  or 

$2.  SS  (VF  +  DC)  per  year  or  X  2  = 

§5.92  (YF  +  DC)  per  year 

Total  savings  Function  3 

$1. 86  DC  +  $$.  92  DC  $7.78  DC  per  year 

$11. 10  YF  +  $5. 82  VF  =  $17. 02  VF  per  year 

Function  4 

manpower  savings  0. 88  A4  from  Table  VI 

A4  =  0.  S989  from  Table  TV 
0.88  X  0.9989 

VF  +  DC  circuits 

0.  88  X  0.9989  X  25%  X  $0. 13  = 

$0.03  (VF  +  DC)  per  day  or 
$10.44  (VF  +  DC)  per  year  x  2  = 

$20. 88  fVF  +  DC)  per  year 
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DC  per  year 
S2Ik£STF  pnr3s.tr 

rtffigpjgp*s~  siaSugg  =  SB&.  54  psr  aargifli  per  year 

PaacSgci  5 

rtrtxr*  *a-c*rgy  I.S5A5  frgB  T»££*  v« 

&5  =  5. 2222  fr^cs  Ttiu*  F* 

1-iSX  *.$522 

DC  drcssis 

1,33X0.  =582  X  255  X  $S».  14  r  5  = 

<S-61  SC  per  ay  cc 
$2.  SS  DC  per  y=ar 

YF  drcaiSs 

1.29  X  G.SS32  X  255  X  $0.14  = 

$0. 05  YF  per  csy  or 
517.74  VF  per  year 

catpoieer  savfcjgs  0.17  A5  frora  Tahle  VI 

A5  =  0.9982  from  Table  IV 
0. 17  X  0.  S9S2 

vr  ■*■  DC  cireuils 

0. 17  X  0.98S2  X  25%  X  $0. 13  = 
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$41.23  DC  per  year 

VF  circeiis 

19.  S3  X  0.  9392  X  25?  X  $0. 14  = 

$0.  SS  VF  per  day  or 
$247.51  VF  per  year 

manpower  saylnge  ^oncnls  S) 


1.15  A5 
A5  =  C-  9392 
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Three  model  sites  were  established  in  order  to  continue  the  analysis  into 
the  sres  of  t  station  site.  An  analysis  was  made  of  72  stations  for  which  a  VF 
circuit  count  could  be  obtained.  Sixty- seven  of  these  stations  also  listed  a  DC 
circuit  count.  The  information  in  Table  vm  is  the  results  of  the  analysis. 
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Using  the  V?  and  DC  circuit  qaasiities  for  each  size  model  site  and  Tablq  VH, 
fee  SETiaga  per  year  per  fraction  were  calcalated  and  are  listed  in  Table  IX. 


TABLE  IX  SAVEvGS/YSaS/FDNCTION 


|  FUKCT3DN 

SMALL 

iii  ■  i  i  ■■  ■  i  i  i  i 

MEDIUM 

LARGE 

!  i 

$40, 5 S3 

$267,255 

$597, 758 

j  2 

$  340 

$  2,226 

$  4,880 

1  3 

$  836 

$  5, 670 

$  13,732 

$  1,253 

$  8,770 

$  22,968 

5 

$14,359 

$  S5.631 

$220, 924 

6 

— — 

$  2,380 

$  3,093 

$57,381 

$381,932 

$883,355 

Some  cf  the  A  TEC  equipments  will  be  newly  developed  items  and  will  have 
the  one  time  development  costs  associated  wife  them.  In  order  to  spread  these 
cne  time  costs,  a  total  of  50  A  TEC  installations  was  assumed.  This  50  was  then 
divided  into  8  large,  25  medium  and  17  small  sites  in  accordance  with  the  density 
distribution  shown  in  table  Vffl.  The  equipment  costs  for  one  small,  medium  and 
large  site  were  developed.  A  summary  of  these  costs  are  shown  in  Tables  X 
through  XIL 

The  savings  and  costs  for  each  function  are  compared  in  Table  XIIL  The 
pay-off  period  in  years  was  calculated  by  dividing  the  cost  by  the  savings  to 
arrive  at  the  multiplying  factor.  A  10%  discount  rate  was  used  to  equate  tomor- 
row's  dollars  with  today’s  dollars  ,  and  is  tabulated  in  Table  XIV.  To  establish 
the  pay-off  period  the  multiplying  factor  is  compared  with  the  "accumulated  sum 
of  the  discount  factor"  until  the  closest  value  of  the  sum  which  is  equal  to  or  less 
than  the  multiplying  factor  is  located.  This  establishes  fee  integer  value  of  the 
pay-off  period  in  years.  The  decimal  value  is  established  by  estimating  the 
decimal  multiple  of  the  "discount  factor"  in  the  next  higher  year. 

An  examination  of  Table  XTH  shows  that  a  small  site  is  not  cost  effective, 

A  medium  and  large  site  requires  further  examination.  Following  are  cost 


Taele  I  Ssncsii  Site  Costs  E?  Fooctioa 


EQUIPMENT  COST  ESTIMATE  SMALL  SITE 


FUKCTI ON 


1.  OUTPUT  CIR¬ 
CUIT  MONIT¬ 
OR  I  HG  AND 
FAULT  1  SO- 
LATIQ 


2.  E0»j  I  P/LIN* 
MON  t  TOR  I N6 


3.  AUTOMATED 
PATCH 


.  REPORTING 


5.  CIRCUIT 
QUALIFICATION 

AND 

TESTING 


8.  REMOTE 
SITE 

EQU I  P/LINK 
MONITORING 


SASIC 

EQUIPMENT 

COST 


$145,295 


$12,284 


$104,81 


$1 8, QUO 


$138,025 


SYSTEMS 
ENGINEERING, 
INSTALLATION, 
ETC.  COSTS 

100*  BASIC 

EQUIP.  COST 

1  SPACE 

PASTS 

25* 

BASIC 

EQUIPMENT 

COST 

$145,295 

536,324 

TEST  EQUIP 
534,859 

$12,284 

$3,071 

$1  04,310 

I 

$28,203 

!  $io,ooo 

i 

! 

$6,500 

$138,025 

$34,006 

T8TSL 


$27,639 


5235.823 


542.500 


$306,058 


TOTAL  SYSTEM 
COST 


$416,414 


$410,414 


5140,763 


$£73,591 


TflbleU  Msdium  Sits  Costs  By  Function 


Tablt  XHLorge  Site  Costs  By  Function 


EQUiP&ENT  COST  ESTIMATE  LARGE  SITE 


FUNCTION 

i 

BASIC 

EQUIPMENT 

COST 

! 

1.  OUTPUT 
CIRCUIT 

monitor; H8  AMO 
FAULT 
ISOLATION 

$399,208 

2. 

EQUIP/LINK 

MONITORING 

$39,472 

3. 

AUTOMATED 

PATCH 

$591,500 

4. 

REPORTING 

| 

$27,000 

5.  CIRCUIT 

QUALIFICATION  I 
AND  | 

TESTING 

$255,025 

6.  REMOTE  SITE  1 

EQU 1  P/Li 

MONITORING 

(2  LOCATIONS) 
$33,425 

TOTAL  SYSTEM 
COST 

$1,342,828 

SYSTEMS 
ENGINEERING, 
INSTALLATION, 
ETC.  COSTS 
10Q*  BASIC 
EQUIP.  COST 


$3  99 , 206 


$39,472 


$591,500 


$27,000 


$255,026 


$30,425 


342,828 


SPARE 

PARTS 

25* 

BASIC 

EQUIPMENT 

COST 


$99,802 
TEST  EQUIP. 
$34, 808 


$9,863 


$6,750 


$15,226 
TEST  EQUIP. 
$59,252 


$447,398 


$933,023 


$88,812 


$i 47,875  $1,330,875 


$80,750 


5573,806 


$145,358 


$3. 132,824 


effective  calculations  for  the  implementation  of  various  combination  of  functions  for 
a  medium  and  large  aits. 


The  average  overall  outage  time  taking  into  consideration  the  failure  distri¬ 
bution  is  86  minutes.  Assuming  an  equal  distribution  of  VF  and  DC  circuits,  the 
average  indeterminate  outage  time  is  37  minutes.  This  gives  an  average  total 
outage  time  of  123  minutes  per  failure  p$r  day.  Following  is  the  calculation  of 
the  efficiency  of  th*  DCS  using  a  25%  failure  rate. 


100%  « _  35%  x  123 _ 

1440  (minutes  per  day) 


97.86% 


The  results  of  the  'Scope  Creek"  testing  indicated  that  the  DCS  is  not  oper¬ 
ating  at  this  high  an  efficiency.  Table  XV  shows  the  ATEC  cost  effectiveness  for 
the  DCS  at  95%  efficiency.  Table  XVI  shows  the  ATEC  cost  effectiveness  for  the 
DCS  at  90%  efficiency. 


Table  XVII  shows  the  ATEC  cost  effectiveness  for  the  DCS  at  85%  efficiency. 
Table  XVXK  shows  the  ATEC  cost  effectiveness  for  the  DCS  at  80%  efficiency. 


The  general  formula  used  to  calculate  manpower  requirements  is  4.2  times 
the  number  of  men  for  a  shift.  Following  le  the  calculations  for  the  reduction  in 
manpower  of  the  three  model  cites. 


SMALL  20  DC  ckts  x  $138.02 
40  VF  ckts  x  $161.20 
general 
Total 


=  $2700.40 
= $6448.00 
$  124.78 
=  $9333.18 


dividing  by  $15, 950  per  mas 
dividing  by  3  shifts  per  day 
multiplying  by  4.2 


=  G.  59  men  per  day 
-  0. 20  men  per  shift 
~  1  man 


MEDIUM  160  DC  ckts  x  $138 . 02 
260  VF  ckts  x  $131.20 
general 

Total 


“  $22,083,20 
=  $41,812.00 
$  124. 78 

=  $64, 118.  S8 


dividing  by  $15,950  per  man 
dividing  by  3  shifts  per  day 
multiplying  by  4,2 


=  4  men  per  day 
=  1.34  men  per  shift 
“  6  men 


LARGE  540  DC  ckts  x  $138.  02 
550  VF  ckts  x  $161,20 
geierai 

Total 


=  $  74,530,80 
=  $  90,272.00 
$  124.78 

=  $364, 927,58 
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dividing  by  $15, 950  per  man  =  10, 34  men  per  day 
dividing  by  3  shifts  =  3,45  men  per  shift 

multiplying  by  4. 2  =  14  men 
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technical  control  facilities.  In  determining  the  degree  of  automation  that  could 
be  applied  to  the  various  functions,  the  DCS  environment,  telecommunications 
systems  and  equipment,  and  technical  control  operating  activities  were  considered. 
•The  requirements  for  Automated  Tech  Control  (ATEC)  facilities  and  an  ATEC-augmented 
DCS  were  alsc  determined. 

As  a  result  of  this  study,  it  was  concluded  that  circuit  status  monitoring 
provides  the  most  benefit  in  fault  detection  and  locai3.izat.ion.  Automation  of  this 
and  other  ATEC  functions  is  recommended  through  use  of  a  processor,  which  would 
also  provide  controlled  data  storage  and  display  information  to  manned  consoles. 

In  addition,  the  processor  wo’ild  correlate  status  monitoring  information  from 
equipment,  links,  and  circuits  to  provide  performance  assessment  and  trend  analysis 
for  indications  of  "green-amber-red"  states.  Other  recommended  functions  to  be 
automated,  include:  report  generation;  remote  site  status  monitoring;  and  group 
patch,  circuit  patch  and  digital  patch  switching.  The  cost  ot  switch  matrices 
precludes  implementation  of  all  circuits  and  switching  is  tnerefore  *  ecomraended 
only  or  a  limited  basis,  such  as  for  high  priority  digital  and  audio  circuits, 
and  selected  carrier  multiplex  groups. 

The  recommended  ATEC  configuration  provides  for  Status  Monitoring,  Quality 
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Abstract  (continued) 
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